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(57)Abstract ' " ~ "" " 

The present invention provides polydiorganosiloxane oligourea segmented copolymers. The copc^ymers contain soft polydioiganox- 
iloxane units, hanl segments tiiat are diisocyanate residues, the polydiorganoxiloxane units and dlisocyanate residues being connected by 
urea hnkagcs. and temiinal groups tiiat are non-reactive, reactive under free radical «■ moisUue cure conditions, or amines. The invention 
also provides methods of preparing the copolymers. 
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Polydiorganosiloxane Oligourea Segmented 
Copolymers and a Process for Making Same 

Field of the Invention 

This invention rdates to polydiorganosiloxane oligourea segmented 

5 copolymers and a process for making same. 

Backgrowid of die Invention 

Polydiorganosiloxane polymers have unique properties derived mainly 

from the physical and chemical characteristics of the siloxane bond. Typically, the 
outstanding properties of polydioi^ganosiloxane polymers include resistance to 
10 ultraviolet light, extremely low glass transition temperature, good thermal and 

oxidative stability, good permeability to mar^ gases, very low sur&ce en^gy, low 
index of refraction, good hydrophobicity, and good dielectric properties. They 
also have very good biocompatability and are of great interest as biomatmals that 
can be used in the body in the presence of blood. Polydiorganosiloxane 
IS elastomers have been widely used because of these many excellent properties. 
But,Jheir limited tear resistwceand poor resistance to lo\v polarity^^ 
made them unsuitable in many other applications. 

Elastomers possess the ability to recov^ their initial shape from 
deformation produced by an imposed force. Traditional polydiorganosiloxanes 
20 show dastomeric bdiavior only v^en they are chemically or phyacally 

crosslinked. Even extremely high molecular weight polydiorganosiloxane gums 
(greater than 500,000 grams per mole) exhibit cold flow when uncrosslinked. 
However, chemical crosslinking results in polymers with poor mechanical 
properties relative to other organic materials. Thus, to be useful in most 
25 commercial applications, traditiorud polydiorganosiloxanes must be further filled 
^th up to 50 weight percent fillers such as finely divided high sur£u:e area silica, 
finned silica, titanium dioxide, alumina, zirconia, pigment-grade oxides» carbon 
blacks, graphite, metal powders, clays, calcium carbonates, silicates, aluminates, 
fibrous fillers, and hollow glass or plastic microspheres, depending on the desired 
30 propmies, for example, to maintain their mechanical strength and reduce swelling 
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in solvents. Since polydiorganosUoxancs do not lose their mechanical strength as 
abruptly as other organic materials at elevated temperatures, they find particular 
use in high temperature applications. 

For many uses such as in insulated wire, rods, channels, tubing, and similar 
products, polydiorganosaoxane compounds are extruded in standard rubber 
extnision equipment. The extruded material must immediately be heated to set the 
form. Usually, hot-air vulcanization at 300-450»C or steam at 0.28-0.70 MPa 
(40-100 psi) for several minutes is needed. Final properties can be developed by 
oven curing or by continuous steam vulcanization. 

For many other uses such as in elastomers, caulking, gaskets, sealants, and 
release coatings, pdydiorganosiloxane compounds are appUed as Uquids or 
defotmable semi-sofids at room temperature and require ultimate mfadng if two 
pan systems are used. Final properties are developed after lengthy cure times and 
are generally inferior. Often a delay occurs befi>re the next sequence in 
15 manu&cture or rqwir can proceed. 

In recent years, fiee radically cured and moisture cured Uquid 
potycfiorganosiloxane compositions have been disclosed that cure rapidly and 
completely under exposure to radiation or moderately elevated temperatures with 

excellent properties. Thus, subsequent manufiurturing or repair steps are often 
20 delayed unta some degree of curing occurs. Also, thick constructions cannot be 
made without temporary support until curing is accomplished and irregulariy 
shaped surfaces can be difficult to coat adequately. Therefore, there is stifl a need 
for polydiorganosUoxane compositions with green strength, Le., strength in the 
uncured state, and controlled flow properties. 
25 Silicone-based release coatings have been used commercially for some 

time, predominantly in such applications as release liners for adhesives. GeneraUy. 
tiiese materials are coated from solvent or a carrier and tiiermally crosslinked at 
high temperatures. Recently, silicone release technologies have been disclosed 
that include addition cure, cationic cure, radiation cure, and moisture cure of 
30 monomer, ofigomer or polymer systems as well as silicone-containing block 
copolymers that do not require curing. Some of these systems can be coated 
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without solvent, e.g., by roO coating. Others can be coated from oiganic solvents 
or water. There is still a need for a silicone-based coating with controlled flow 
properties and good green strength while retaining the desirable release 
perfiinnance features of the previously mentioned materials. 
5 Physically crosslinked polydioiganosiloxane poiyurea segmented 

copolymers, that may contain blocks other than polydiorganosiloxane or urea, are 
elastomers that are synthesized in and coated out of solvent. These copolymers 
have some potential process economy advantages because their synthesis reaction 
is rapid, requires no catalyst, and produces no by-products. 

10 In P»'oducing polydiorganosiloxane poiyurea segmented copolymers. 

monofunctional reaction impurities in the polydioiganosOoxane diamine precursor 
can inhibit the chain extension reaction and limit the attainment of optimum 
molecular weight and tensUe strength of the polymer. Because the early processes 
tor maldng the polydiorganosiloxane diamines resuhed in mcreaang levels of 
15 monofiinctional impurities with increasing molecular weight, it was not possible to 
achieve elastomers having satisfiu:toty mechanical properties for most elastomer 
or adhesive appUcations. More recently, processes have been developed that 
produce low fevife of impuri^ 

diamine molecuhr weights. With these processes, polydiorganosiloxane poiyurea 
segmented copolymers have been obtained that have good mechanical properties 
through the use of chain extenders to increase the non-silicone content. However, 
these systems, with or without chain extender, do not flow at room temperatui*. 

Continuous melt polymerization processes have been used to produce 
polyurethane elastomers and acrylate pressure-sensitive adhesiyes. 
25 Polyetherimides, which can contain poIydiorganosUoxane segments, have also 
been produced in a continuous meh polymerization process. Recently 
polyurethane resins have been described that use poIydiorganosUoxane urea 
s^ments to prevent blocking of films formed from the tesin. However, levels of 
reactive polydioiganosiloxane in the compositions were small, for example, less 
30 than 15 weight percent, and incomplete incoiporation of the polydiorganosiloxane 
into the backbone was not detrimental since easy release was the intent. 



20 
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Unincoiporated polydiorganosUoxanc oU can. however, act as a plasticizing agent 
in elastomers to reduce tensOe strength or detackify and reduce shear properties of 
pressure-sensitiveadliesives. This unincorporated oU can also bloom to the 
suffice of an elastomer or »ihesive and comaminate other suifeces with which it 
S is in contact 

Summary of the Invention 

Briefly, in one aspect of the present invention. polydiorganosUoxane 
oUgourea segmented copolymers are provided wherein such copolymers comprise 
soft polydiorganosUoxane diamine units, hard polyisocyanate residue units. 
10 wherein the polyisocyanate residue is the polyisocyanate mimis the -NCO groups, 
optionally, soft and/or hard organic polyamine units, wherein residues of the 
isocyanates amine units are connected by urea Unkages. and terminal groups, 
wherein the terminals groups are non-fimctional endcapping groups or functional 
endcapping groups. 

15 The present invention fijrther provides polydiorganosUoxane oligourea 

segmented copolymer compositions comprising the reaction product of 

(a) at least one polyisocyanate; 

^) an endiping agent having a terminal selected from 
polydiorganosUoxane monoamines and non-sUoxane containing endcapping agents 
20 having a temunal portion reactive with an amine or isocyanate and a terminal 

portion that is non-functional or that can react under moisture^re or free-radical 
conditions, 

with the provisos (1) that if no polydiorganosUoxane monoamine is 
present, then at least one polyamine is present, wherein polyamine comprises at 
25 least one polydiorgam)siloxanc diamine or a mixture of at least one 

polydiorganosUoxane diamine and at least one organic polyamine. (2) if only 
polyisocyanate and polyamine are present, the molar ratio of isocyamite to amine 
is <0 9 1 or >1.1:1. awl (3) when polydiorganosUoxane monoamine and diamme 
are presem. the ratio of total isocyamtte avaUable in the polyisocyamite to the total 
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15 



20 



amine available in the monoamine and diamine less any amine end groups in the 
copolymer is about 1:1. 

The polydiorganosiloxane oligourca segmented copolymer compositions of 
the present invention can be represented by Formula I. Anyone knowledgeable in 
the art would know that the oligomerizadon process leads to randomization of the 
polydiorganosiloxane diamine and organic polyamines along the back one. This 
could lead to the organic polyamine reacting with the endcapper. 



X-Ae--Si--0 



R 



o 



O K 

•N-Z-N-fi-N— Y— ii 

i, ii h k 



-ii 
k 



O 

Y-N-!!. 

h 



i-O— $i--Y-N-e — 



H 



— ^N— Z— N J— N-B-N-fi- -A— Z-N-i— N- -Y— L -O— i 



k 



k 



Ab— X 



wherein 



(D 



each Z is a polyvalrat radical sdectedlfioin arylene radicals and araUgrloie 
radicals preferably having from about 6 to 20 carbon atoms, alkylene and 
cydoalkylene radicals preferably having from about 6 to 20 carbon atoms, 
preferably Z is 2,6-tolylene, 4,4'-methyIenediphenylene, 3,3*^imethoxy-4,4'. 
biphenylene, tetramethyl-m-xylylene, 4,4'*methy]enedicyclohexylene, 3,5,5- 
trimcthyl-3-methylcnecyclohexylenc, 2,2,4-trimethylhexylene, 1,6-hexamethylene, 
l,4*cyclohexylene, and mixtures thereof; 

each R is a moiety independently selected from alkyl moieties prrferably 
having about 1 to 12 carbon atoms and may be substituted with, for example, 
trifluoroalkyl or vinyl groups, a vinyl radical or higher alkenyl radical preferably 
represented by the formula -R^(CH2).CH=CH2 wherein is -(CHjV or 
-(CH2)cCH=CH. and a is 1, 2 or 3 ; b is 0, 3 or 6; and c is 3, 4 or 5; a cycloalkyl 
moiety having about 6 to 12 carbon atoms and may be substituted with alkyl, 
fluoroalkyi, and vin^ groups, or an aryl moiety preferably having about 6 to 20 
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a..,^ ^ «M group. » R P«^''»»=)^ » '■'^ 

P« N..5.02».679.»rt»m.«*a»»ip«o«U,ncor,o««dh«taWr^ 

10 niblliBited phenyl „ , 

«d. Y i. . poly».le« " 
^to, prefenW, ta™g 1 » 10 c»bo. «on* 

r«fical, preferably Imviiig 6 to 20 oAoniMiiB; 

e.d> D U i^lq-ndoaly «Jec»d ftom hj^ogen, .IM r»lie^ 

,5 h.™gl»10c»lK««o«*pl»«l.»-'n««<»'<^"^ 

i,»k^BorY«fcnn.l««ro.yctepre«^'»*«"^*"^°^ 

«rtA,.W«»n<>««ly-B-.or WWOSi(R)AY-or»4«ure.*.r.ot 

B is . polyv.lent ™jic.l «i.cttd from the gioop coMiMta* of .Ikylene. 



20 



.,.Bc,l«K.oydo.lM««.P'»»y'«*P°^'~'^'^'^''^^ 
o»fe polypropyle^ oxide. polyt«.«.«th,t«» 



and nuxtures thereof 

m is a number that is 0 to about 8; 

b e dandnareOorl.withtheprovisosthat.lH-d-landeHi-1; 
25 p' is'about 10 or larger, prrferably about 1 5 to 2000. more p^ferably about 

30 to 1500; ^ t_. u ♦ 

, U *out 10 or hrger. prrfferaMy .bout 1 5 to 2000. mo« p«^^ 

30 to 1500; and 

t is a number which is 0 to about 8; 

30 8 is 0 or 1; and 

each X is independently . 
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(a) a moiety represented by 

— N— H 

h 

(ID 

wherein D is defined as above; 
5 (b) a moiety represented by 

O 

— N— li— N— Z— NCO 

h ^ 

(HI) 

where each of D, and Z are defined as above, 

(c) a monovalent moiety that is not reactive under moisture curing or fi-ee 
10 radical curing conditions and that can be the same or diffmnt and that are alkyl 

moieties preferably having about 1 to 20 carbon atoms and that can be substituted 
with, for example, trifluoroalk>i groups, or aryl moieties preferably having about 6 
to 20 carbon atoms and that may be siAstituted with, for example alkyl, aryl, and 
substituted aryl groups and a particularly usefiil embodiment when X is C, is when 
15 t=0 and m=0; 

(d) a moiety represented by 

O O 

— N— i!— N— Z— N— i!— N-K 

i> ^ ii h 

(IV) 

where each of Z, and D are defined as above, 
20 K is independently (i) a moiety that is not reactive under moisture curing 

or fi-ee radical curing conditions and that can be the same or diflferent selected 
fi-om the group consisting of alkyl, substituted alkyl, aryl, and substituted aryl; (ii) 
a fi-ee radically curable end group such as, for example aciylate, methacrylate, 
aciylamido, methacrylamido and vinyl groups; (iii) a moisture curable group such 
25 as, for example, alkoxysilane and oxime silane groups; and 
(e) a moiety represented by 
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15 



h ^ 
(V) 

wherein D, Y and K arc defined as above. 
In the use of polyisocyanates (Z is a radical having a functionality greyer 
than 2) «Hi poly«nines (B is a radical having a functionality greater than 2). the 
smicture of Formula I ^ be modified to reflect branching at the polymer 
bacUbone. 

•m »«n«e dep* of oligomeriz«ion ref« to the sir. of the rewtaM 

.,rt.^co«»Wng«u«««nKjecul.sta.heo«go™.r. There two wjn. of 

oWairi^ the d.3Wa««ofoll«o,n«uai«..0) control theism 

art. «io to o««n dther i«Ky««« or aKi«PP«a ohgon-er (X - . or b). 

™i C!) j»dido«* «1« the «»oum of ,.«»«»m»»e or monoi»^ 
withitoichtoi»lric»»ouirBofisocyana.e««l«nine(X-c,d,ore^^ The 

„a^i,oeiiMt:k the raios in.y be aljusted Kcofdtogly. 




20 



The pol,dio,B»K>sik.«u» oligoure. «gm»««l copolj^er. of the pr««« 
i,,«nUonc»b.prep«edto«dUbit<l.sired«n.roUedflowprop«t« 

;^,«^b«.«H,aidor«.>u-soUd«»««««mp.«>»- Th.«».™W 
a„« propenie. of the copolymer c» be opdnO-d by .pp.op.i-e «lect»n of the 
pd,i.„,^ the molecular weight of the polydion!»»«iloa«e 
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average degree of oligomerizadon. the organic poiyamine selected, and the nature 
of Z. Generally, the green strength of the resuhant polydiorganosiloxane polyuiea 
segmented oligomo- bicreases with decreasing polydioiganosiloxane amine 
molecular weight. The compositions of the present invention have an average 
5 d^ree of oligomerization of between 2 and 12. 

The polydiorganosiloxane oligourea segmented copolymers of the present 
invention have diverse utility. The copolymers possess the conventional excellent 
physical properties associated with polysiloxanes of low glass transition 
temperature high thermal and oxidative stabilities, UV resistance. low sur&ce 
1 0 energy and hydrophobidty, good electrical properties and high permeabiHty to 
many gases. 

When the polydiorganosiloxane oligourea s^mented copolymers are 
terminated with non-functional end groups, the resuhing copolymers possess the 
thermally reversible properties of a get, semisolid, or solid at room temperature 
15 and ofa fluid at elevated temperatures. Selected polydioiganosOoxane ofigourea 
sqmented copolymers of the present invention have a anprisingly low melt flow 
viscosity and abrupt solidification at a temperature below the mdt flow conditions. 
Additiohally, thiMc sdectrf c^ - 
additional stabilizers that make them suitable as thermaUy reversible encapsukmts 
20 and potting compounds or as caulking compounds where sharp or reversible 
liquid/solid tranations are desired, for example, such as in assembly line 
operations. 

Advantageously, the selection of the terminal group used to prepare the 
copolymers of the present invention can provide a variety of materials having 
25 various properties. The tominal groups of the copolymo- can other be non- 

fimctional or fiinctional. If the terminal group is a functional end-capping group, 
the resuhant copolymers have a latoit reactivity, such that these functional end- 
c^ped copolymers can serve as prq)olymer units, can be at>sslinked, can be 
cured, and the like. 

30 When the polydiorganosiloxane oUgourea segmented copolymm of the 

present invention are terminated with reactive amine end groups, they can be 
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branched, or chain-extemledinaterials. 

,_,Bc«i0l» to <to building conarucnonmdus^^ 

i. «H« tohi««d ^di-ion 0, - - 

1^1. ft.. ndicUy cunil. wd groups and moiawe curable end 
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is dearable followed by complete cure by another method. Areas where this 
feature is useful include situations where a subsequent manufacturing operation is 
desired and superior green strength is beneficial, such as in assembly line 
operations. 

5 The preset invention further provides a solvent process and a solventless 

process for producing the polydioiganosiloxane oligourea segmented copolymers 
of the present invention. 

The solvent process comprises the steps of: 

providing reactants, wherein the reactants comprise (a) a polyiso^anate; 
10 (b) an endcapping agent selected from polydiorganosiloxane monoamines and 

non-siloxane containing endcapping agents having a terminal portion reactive with 
an amine or isocyanate and a terminal portion that is non-fimctional or that can 
react under moisturenmre or free-radical conditions; with the provisos (1) that if 
no polydioganosQoxane monoamine is present, then at least one polyamine is 
1 5 present, wherein polyamine comprises at least one polydiorganoaloxane diamine 
or mixtures of at least one polydiorganosilxane diamuie and at least one organic 
polyamine, (2) if only polyisocyanate and polyamine are present, the molar ratio of 
isoqrahate to amirie is<^^^^ or >L1:1, and (3) whehlpolydiorganosilox^ 
monoamine and diamine are present, the ratio of total isocyanate available in the 
20 polyisocyanate to the total amme available in the monoamine and diamine less any 
amine end groups in the copolymer is about 1 : 1; and (c) solvent to a reactor, 
mudng the reactants in the reactor, 

allowing the reactants to react to form a polydiorganosiloxane oligourea 
segmented copolymer with an average degree of oligomerization of 2 to 12; and 
25 convqdng the oligomer from the reactor. 

The solventless process comprises the steps of: 
continuously providing (a) a polyisocyanate; (b) an endcapping agent 
selected from polydiorganosiloxane monoamines and non-siloxane containing 
endcapping agents having a terminal portion reactive with an amine or isocyanate 
30 and a terminal portion that is non-fimctional or that can react under moisture-cure 
or free-radical conditions; 
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...^ copolymer ««..»«g.*««»f<*»°^^ 
conveying the oUgoiner ftomtlie iMCIoc. 

15 toU«»WenU.»P™«-.»«~*-"«"^""^"T 

^..m.kingUKpcoc.»m«.«~^«-**-''^,"^ 
^f„r,^po.ydio.««K.««-oBgo«r..«gn»«rf 

,„,,i«^.,.«,hvi«o*ypo.,i««»^ 
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vUc„*y. A««ldWonJbeneftofU»«ntoK«».«*va«le»pn«»offt^ 

..^oU,on»rin»U»ckco™™dons.in.o,»««ned*.p..oro«o 

25 ta^iUBly-d-ped 

Description of the Prrf*"«*Eiiibodiment(s) 

^^„aWJ..„«KMed dipl«,ta«l«« aiUoc-me, such « ISONATE™ 
30 143L»rt-*.<h«D.«Ch«nicdC0..U»«l.there«*ing 
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polydioiganosiloxane oUgourea segmented copolymer has superior solvent 
resistance when compared with other polyisocyanates. If tetramethyl-w-xylylene 
diisocyanate is used, the resulting segmented copolymer may be a semisolid to 
solid gel that has a very low melt viscosity that makes it particularly useau in 
5 potting and sealant appUcations where thermal reversibility is advantageous. 
Any diisocyanate that can be represented by the fonnula 

OCN— Z—NCO 

wherein Z is as defined above, can be used in the present invention. 
10 Examples of such diisocyanates include, but are not limited to, aromatic 

diisocyanates, such as 2,6-toluene diisocyanate. 2.5-toluene diisocyanate. 2,4- 
toluene diisocyanate, w-phenylene diisocyanate, /^.phenylene dusocyanate. 
methylene bis(o-cWorophenyl diisocyanate), methylenediphenylene-4,4'- 
diisocyanate, polycarbodumide-modified methylenediphenylene diisocyanate. (4,4'- 
15 diisocyanato-3,3',5, 5'-tetracthyI) biphenylmethane. 4.4'-diisocyanato-3.3'- 

dimethoxybiphenyl (o-dianisidine diisocyanate), 5HAloro-2.4-tohiene diisocyanate. 
l-chloromethyl.2.4-diisocyanato benzene, aromatic-aliphatic diisocyanates such as 

f^^^OM^MOcyznatt, tetramethyi-m-xylyiene diisocyanate. aliphatic 

diisocyanates, such as I.4-diisocyanatobutane. 1.6-diisocyanatohexane, 2,2,4- 
20 trimethylhexyl diisocyanate. 1. 12-dnsocyanatododecane. 2^methyl-l,S- 
diisocyanatopentane. and cycloaliphatic diisocyanates such as metlqdene- 
dicydohexylene-4,4*-dusocyanate, and 3-isocyanatomethyl-3,5.5-trimethyl- 
cydohoQrl isoc^ranate and mixtures thereof 

Prefiared diisocyanates include 2.6-toluene diisocyanate. 
25 metliylenediphenylene-4,4'-dusocyanate. polycarbodiimide-modified 

methylenediphenyl diisocyanate, o-dianisidine diisocyanate, tetramethyl-m-xylylene 
diisocyanate. methylenedicyclohexylene-4,4'-diisocyanate, S-isocyanatomethyl- 
3.5,5-trimethyl(yclohexyl isocyanate (isophorone diisocyanate), 2,2,4- 
trimethylhexyl diisocyanate, 1,6-diisocyanatohexane, and cyclohexylene-1,4- 
dusocyanate. Particularly preferred is tetramethyl-m-xylylene diisocyanate and 
mixtures thereof 
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Suitable endcapping agents for polydiorganosiloxane oligourea segmented 
copolyniers that would be terminated with amine groups, were no endcapping 
agent present, and that provide terminal groups that are not reactive under 
moisture curing or free radical curing conditions indude but are not limited to 
monoisocyanates such as alkyl isocyanates, such as benzyl isocyanate, cyclohexyl 
isocyanate, n-dodecyl isocyanate, n-octadecyl isocyanate, octy! isocyanate, 2- 
phenylethyl isocyanate, tiimethylsilyl isocyanate. undecyl isocyanate; and aiyl 
isocyanates, such as 4-bromophenyl isocyanate, 2-chloix)pheiiyl isocyanate, 2,4- 
dimethylphenyl isocyanate. 1-naphthyl isocyanate. phenyl isocyanate, 4-tolyl 
isocyanate, 4.trifluoromethylphenyl isocyanate, 2,4,6-trimethylphenyl isocyanate. 

Suitable endcapping agents for polydiotganosiloxane oligourea segmented 
copolymers that would be tennuiated with isocyanate groups, were no endcapping 
^gem present, and provide terminal groups that are not reactive under moisture 

curing or free radical curing conditions inchide but are not limited to oiganic 
monoamines such as propylamine, cydohexylamine. anDme. benzylamine. 
octadecytamine, phenyletfaylamine. and polyoxyalkyiene monoamine, such as those 
that can be obtained from Huntsnnan, Corp. under the tnulename of JeflBmiine, 

~ pofyethylmebxid^ pofipx)p^^ copblyinmthmidfahd mbctures 

thereof 

Suitable endcapping agents for polydiorganosUoxane oUgourea segmented 
copolymers that would be terminated with amine groups, were no endcapping 
agem present, and that provide tenninal groups that are reactive under free radical 
curing conditions, inchide but are not limited to isocyanatoethyl methaciylate; 
alkenyl azlactones such as vinyl dimethyl azlactone and isopropenyl dimethyl 
azlactone, i»-isopropenyI^,a-dimcthyI benzyl isocyanate, and acryloyi ethyl 
carbonic anhydride. Some endcapping agents that can react with amine groups, 
e.g.. isocyanatoethyl methaciylate, are commercially available, and others can be 
prepared using known methods. Alkenyl azlactones and their preparations are 
described, for example, in U.S. Pat. No. 4,777,276, wherein such description is 
incoiportted herein by reference. Aayioyl ethyl carbonic anhydride can be 
prepared from ethyl chloroformate and aciylic add as described in R. Hatada et 
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a BulLChen..Soc J<^. 41 (10). 2521 (1968). Preferred endcapping agents 

polydiarg«.osnox«ie oUgourea segmemed copolymers t^^ 
terainaled if no endcapping agent were present indude. for e«i^^^ 
i«,cy«uUoethyl metl-crylate. vinyl dimethyl adactone. and acryloyl ethyl carbonic 

anhydride. , 
Suitable endcapping agents for polydiorganosiloxane oUgouiea segmented 
«,poty„«s thai would be amine terminated, if no endcapping agent were present, 
topiovidetenninrigroupsthatarereactiveundermoisturecuringa^^^^ 
i„ch«leb«t are not limited to isocy^uuopropyltiimethoxys^^^ 
trielhoxysihme. isocy«uUopropyl dimethoxy (mcthylethylketoximino)silane. 
isocyanatopropyl diethoxy (methylethylketoximino)sila«e. isocyanatopropyl 
™,«««thoxy di(methylethylketoximino)saa«e. isocyanatopn>pyl monoethoxy 
di(methylethylketoximino)silane. and isocyanatopropyl 
tri(methylethylketoxin»ino)silane. Polyisocyanates that ,en« to form the 
copolymer, may also sen« as the moisture curable tenrnrnd portion of the 
copolymer whenthe number of isocyanategroupsprovidedbythepolyis^ 
exceed theaminegroupsprovidedbythepoly-nines. Polymers prepared w«h 
suchend-cappingagentscanbeflmherreactedtoprovidehi^^^ 

weight polymers or copolymers. 

....e,^ U«U wouM b. «nri»Ud if » 

condHionstoclud.but«notlW«lby««b«.p«M^'ri«^^ 

,„i„p«„» di«hoicy(methyl«hylk«<>xinn»o)sita«, »ntoop~I>yl 
,,«,«„«hoxydKmethyletlwlk««>>toino)»il»», -rinoprowl 
,„,,,K«tf»cydKme*yl««hylke>oxinano)»i)««,"^ 
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tenninal groups that are reactive undo- various conditions, include those selected 
from the group consisting of aminopropyl trimethoxysilane, aminoprof^ 
triethoxysilane and aminopropyl metiqddi^hojQrsilane. 

Polydiorganosiloxane diamines useful in the present invention can be 
rqiresented by the formula 




;i — O 



20 



•— ii— Y-N-H 

R, Y, D and p are defined as above and includes those having number 
average molecular weights in the range of about 700 to 1 50,000. 

Preferred diamines are substantially pure polydiorganosiloxane diamines 
prepared as described m U.S. Pat. No. 5,214,119, wherein such description is 
incoiporated herein by reference. High purity polydiorganosiloxane diamines are 
prq)ared from the reaction of cyclic organosiloxanes and 

bis(aminoalkyOdisiloxanes utilizing an anhydrous ammo alkyl fimctional silanolate 
catalyst such as tetramethylammonium 3-aminopropjidimethjdsilanolate, 
P^^^Jy ^^^^ ^ °- ^^8^^ percent based on the total weight of 
the cyclic organosiloxanes with the reaction run in two stages. 

Particulariy prefOTcd are polydiorganosiloxane diamines prepared using 
cesium and rubidium catalysts. 

Preparation includes combining under reaction conditions 

(1) an amine functional end-capping agent rq)resented by the formula: 



H-N— Y— ii--o— ii 



— ii— Y-N— H 



wherein each R. Y, D andp are defined as above and x is an integer of 
about 0 to 150; 
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(2) suffident cycBc sUoxane to obtain a polydiorganosUoxane diamine 
havingamolecularv^iglrt greater than the molecular w^^^ 

agent and 

(3) a catalyticaBy effective amount of cesium hydroxide, rubidium 
; hydroxide, cesium sil«K,l.te.mbidhm.silan^ 

rubidhmi polysfloxanolate, and mixtures thereof. 

The reaction is continued until substantiaUy aU of the amine functional end- 
cppingagentisconsumed. Then the reaction is terminated by adding a vobmle 
organic «»d to form a mixture of a polydiorganosUox-^ diamine usually havmg 
0 greaterthanabout0.01w«ghtpeicemsilanolimpuritiesandoneormo« 

foUov^ngracesmmsak of the organic add,arubidiumsah of the orgmuc acid, or 
both such that there is a smaB molar excess of organic acid in relation to catalyst. 

Tl«n, the sUanol groups of the reaction product are condensed under reaction 
conditionstoformpolydiorganosnoxanedi^ninehavinglessthanorequalto 

15 aboutO.OlwdghtpercemsilanolimpuritieswhiletheunreactedcycU^ 

stripped, and, optionally, the salt is removed by subsequent filtration. 

Examples of polydiorganosUoxane famines usefiil in the present invention 

include polydimethylsiloxane diamine. polydiphenylsUoxane diamine. 

polytrifluoropropylmethylsiloxane diamine, polyphenyhnetlqrlsiloxane diamuie. 
20 polydiethylsUoxane diamine, polydivinylsiloxane diamine, p^^^^ 

diamine. poly(5-hexenyl)methylsiloxane diamine, mixtures and copolymers 

"^'Examples of organic polyamines usefiil in the presem invention include but 
arenotlimitedto polyoxyalMenc diamine, such asI>23O.D^.D-20W^ 

25 IMOOO DU-700, ED-2001 and EDR-148, all available from Huntsman, 

polyoxjlalkylene triamine, such as T.3000 and T-5000 available from Humsman, 
polyalkylenes, such as Dytek A and Dytek EP. available from DuPont. 

The above polyamines. polyisocyanates. and endcapping agents are used m 
the appropriate stoichiometric ratios to obtain curable polydiorganosUoxane 

30 oUgourea segmented copolymers with the desired average degree of 

polymerization. 
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Silane agents may be used to crosslink the moisture curable polysiloxane 
oUgourea segmented copolymers of the present invention. Suitable silane agents 
generally have the formula R^.SiWi^i where R" is a monovalent hydrocarbon 
group, (for example, an alk>i alkylenyi, aryl, or alkary! group), n is 0, 1 or 2, and 
5 W is a monovalent Iqrdrotyzable group such as a dialkylketoximino group, (for 
example, m^hylethylketoximino, dimethylketoximino, or diethylketoxfanino), 
alkoxy group (for example, methoxy, ethoxy, or butoxy), alkenoxy group (for 
example, isopropcnoxy), acyloxy group (for example, acetoxy), aUcamido group 
(for example, methylacetamido or ethylacetamido), or a^lamido group (for 
10 example, phthalimidoamido). Sflane crosslinking agents falling within this 

cat^ory are commercially available, for example, from Silar Laboratorin, Scotia, 
NY. Particulariyprefenredsflanecrosslinking agents are dtalkylketo» 
because they exhibit good shdf-stability and do not form deleterious by-products 
upon cure. Examples inchide methyhri(metMeth^ketoximino) sibne and 
1 S vinjdtri(metfaj4ethyIketoxnnino) silane, both of which are commercially available 
from Allied-Signal, Inc. Moiristown, NJ, and aOcoxyalanes avaihd)Ie fixim OSi 
Oiemicals, Lisle, IL. 

The free radically ciirable pblydiorganosiloxihe bligourea si^mrated 
copolymer compositions of the invention can, depending upon their viscosity, be 
20 coated, extruded, or poured, and rapidly, completely, and reliably radiation cured 
to elastomers (even at high molecular weight) by exposure to electron beam, 
visible or ultraviolet radiation. Curing should be carried out in as oxygen-free an 
environment as possible, e.g., in an inert atmosphere such as nitrogen gas or by 
utilizing a barrier of radiation-transparent material having low oxygen 
25 permeability. Curing can also be carried out under an inerting fluid such as water. 
When visible or ultraviolet radiation is used for curing, the silicone compositions 
may also contain at least one photoinitiator. Suitable photoinitiators include 
benzoin ethers, benzophenone and derivatives thereof acetophenone derivatives, 
camphorquinone, and the like. Photoinitiator is generally used at a concentration 
30 of from about 0. 1% to about 5% by weight of the total polymerizable 

compoation, and, if curing is carried out under an inerting fluid, the fluid is 
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useful in this two component curative include organic pero»des and 
hydroperoxides such as dibenzoyl peroxide, t*buty] hydroperoxide, and cumene 
hydroperoxide, that are not active at room temperature in the absence of an 
accderator The accelerator component of the curative consists of the 
5 condensation reaction product of a primary or secondary amine and an aldehyde. 
Common accelmtors of this type are butyraldehyde-aniline and butyraldehyde- 
butylamine condensation products sold hy E.L duPont de Nemours & Co. as 
Accdoator 808™ and Accelerator 833™. This catalyst system may be employed 
to prepare a two-part free radically curable organosiloxane oligourea segmented 
10 copolymer where the curable copolymer is divided iiito two parts and to one part 
is added the polymerization catalyst and to the other part is added the accelerator. 
Upon mixing this two component system cures at room temperature. 
Alternatively, the polymerization catalyst can be incorporated in the free radically 
curable organosiloxane oligourea s^mented copolymer and the accelerator can be 
IS applied to a substrate such that v/hsn the free radically curable organosiloxane 
oligourea segmented copolymer containing polymerization catalyst contacts the 
"primed" substrate surface, cure proceeds immediately at room temperature. 
Those of brdiruuy ddU in theart are familiar with wch ewe sys^ and could " 
readily adapt them to various product constructions. 
20 FiUers, tackifying resins, plastictzers, and other property modifiers may be 

incorporated in the polydiorganosiloxane polyurea segmented oligomers of the 
present invention. GmeraDy, such modifiers are used in amounts ranging up to 
about 80 weight percent. Additives such as dyes, pigments, stabilizers, 
antioxidants, compatibilizers. and the like can also be incorporated into the 
25 polydiorganosiloxane polyurea segmented copolymers of the invention. Generally, 
such additives are used in amounts ranguig up to about 20 weight percent. 

Specific characteristics of the polydiorganosiloxane oligourea s^mented 
copo^ers of the invention can be influenced by a number of factors including 1) 
the nature of the "K" group, when present, 2) the nature of the diisocyanate group 
30 used, 3) the molecular weight of the polydiorganosiloxane monoamine and/or 
polydiorganosiloxane diamine used, 4) the presence of an organic polyamine, S) 
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the average degree of oligomerization, and 6) whether significant excesses of 
polyisocyanate or polyamine exist. The nature of the "K" group largely 
detennines whether or not the copolymer is curable, by what mechanism, and 

under what conditions. 

The nature of the isocyanate residue in the polydiorganosUoxane oligourea 
segmented copolymer influences stiffiiess and flow properties, and also aflfects the 
properties ofthe cured copolymers. Isocyanate residues resulting from 
diisocyanates tiutt form crystallizable ureas, such as tetramethyl-m-xylylene 
dusocyanate. 1.12-dodecane diisocyanate. dianisidine diisocyanate. provide 
copolymers tiiat are stiflFer than tiiose prepared from methylenedicydohexylene- 
4.4'Miiisocyanate. S-isocyanatomeUiylO.S.S-tiimethylcycIohexyl isocyanate. and 

m-xylylene diisocyanate. 

The molecular weight of tiie polydiorganosUoxane monoamme or diamine, 
if present, a^ the elasticity of ti» polydiorganosUoxane oUgourea segmented 
copolymers. Lower molecular weight diamines result in polydiorgaw>sUoxane 
oUgourea segmented copolymers having higher modulus and higher tensile 
strength when cured. Higher molecular weight diamines provide copolymers 
having lower modulus but higher strain at break. The avoagc degree of 
oUgomerization afFects the rheological properties of ti>e uncured oligomer and 
may affect tiie mechanical properties of ti« cured oUgomer. The average d^ 
of oligomerization affects ti»e rheological properties witii increasing degrees of 
oUgomerization. Excess polyisocyanate or polyamine may afifect tiie reactivity of 
tiie oUgomer witit otiier reactive moieties. 

nie materials of the invention can be made by a solvent process and by a 
sotvendess process. In botii processes of ti.e present invention, tiie reactants and 
optional nomeactive additives are mixed in a reactor and allowed to react to form 
tiie polydiorganosiloxane polyurea segmented oligomers having an average degree 
of oUgomerization of fitwn 2 to 12 and tiiat can then be removed from the reaction 
vessel. When isocyanate functional endcapping agents are utilized, such agents 
30 can. for example, be mfaced witii ti« otiier isocyanate reactants before they are 
introduced mto tf« reactor. Similarly, amine-fanctional endcapping agents for 
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example, may be mixed with polydiorganosiloxane diamine rcactants before they 
are introduced into the 

Li the foOowing discussion of the two processes, an isocyanate functional 
txtdcappAng agent, different from the diisocyanate reactant, is utilized. 
5 For the solvent based process, the reaction solvents and starting materials 

are usuaUy purified and dried and the reaction is caiTied out under an inert 
atmosphere such as dry nitrogoi or argon. 

The prrferred reaction solvents are those that are unreactive with the 
isocyanate functional reactants, the amine fimctional reactants and the endcapping 
10 agents and that maintain the reactants and product completely in solution 

throughout the polymerization reaction. Generally, chlorinated solvents, ethers, 
and alcohols are prefisnred with afiphatic diisocyanates. with methylene chloride, 
tetrahydrofiiran. and isopropyl alcohol being partioilarly preferred. When 
reactants inchide aromatic diisocyanates such as methylenediphenylene-4,4'- 
15 diisocyanate (MDI). a mbcture of tetrahydrofiiran with 10% to 25% by weight of 
dipolar ainrotic so^ent sudi as dimethylformamide is preferred. 

In the substantiaHy solventless process, the flexibility of the process leads 
to interesitog liMrtttWs. (^^^ the optimum material for 

a particular application to be a fimction of the architecture and ratios of reactants, 
20 mbdng speed, temperature, reactor throughput, reactor configuration and size, 
residence time, residence time distribution, optional initiator architecture, and 
-whether any fillers, additives, or property modifiers are added. 

Any reactor that can provide intimate mixing of the polyisocyanates and 
polyamines is suitable for use in the substantially solventless process of the piesem 
invention. The reaction may be carried out as a batch process using, for example, 
a flask equipped with a mechanical stirrer, provided the product of the reaction 
has a sufficiently low viscosity at the processing temperature to permit mixing, or 
as a continuous process umng, for example a single screw or twin screw extruder. 
Preferably, the reactor is a wiped surfiu:e counter-rotating or co-rotating twin 
30 screw extnider. 
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Temperatures in the reactor should be sufficient to permit reaction 
»,etween the polyisocyanate and the polyamine to occur. The temperature should 
be diffident to permk conveying of the materials through the reactor, and any 
s„bsequentprocessingecpupmemsuch.s.fore«unple.feedblo^ For 
com«yi«g the re«:ted material, the temperature should preferably be in the range 
of about 20 to 250^. more preferably in the range of about 20 to 200-C. 
Residence time In the re«:tor typicdly v«ie8 from about 5 

more typically from about 15 secomis to 3 mimites. 

The residence thne depends on several paiameten. inchuiing. for examp^ 

Ae length to diameter ratio of the reactor, mixing rates. overaU flowrat^ 
«„:unts. and the need to Wemi in additional materials. For materiab invoKnng 
reaction ^th minimal or no blending of a nonreactive component, the reaction can 
easily take ptoce in as Ihde as 5 : 1 length to diameter units of a twm screw 
extruder. . . , 

partaUy i««n«hmg or fUly or p««y to 
portion of the reaction takes place. 

Because of the rapid reaction tiuit occurs between ti.e polyisocyanates and 
polyamines. tixe materials are preferably fed into «i extruder at um«rying rates, 
particularly when using higher molecular weight polydiorg»«,silox«ie ammes. ..e.. 
^numberaveragemolecularw«ghtsofabout50.000andhigher. Suchfeedmg 

generally reduces undesirable variabUity of tiie final product. 
25 One meti»od of ensuring the continuous feeding of very low flow 

polyisocyanate quantities in an extruder is to first mbc U.e endcapping agem wrO. 
the polyisocyanate and ti^en to allowti^e polyisocyanate and i«^ 
endcapping agent feed line to touch or very nearly touch ti»e passing ti^eads of ti« 
screws Another method would be to utilize a continuous spray iiyection dev.ce 
that produces a contimaous stream of fine droplets of the polyisocyanate ««! 
isocyanaie-fimctional endcapping agent into tiie reactor. 
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However, the various reactants and additives can be added in any order 
provided the addition of an additive does not interfere with the reaction of the 
reactants. An additive that is particularly reactive with a polyisocyanate reactant 
typicaDy would not be added until after the reaction of the polyisocyanate with a 
5 polyamine reactant. Further, tiie reactants can be added simultaneously or 
sequentially into the reactor and in any sequential order, for example, the 
polyisocyanate stream can be the first componoit added into tfie reactor in a 
manner such as mentioned above. Polyamine can then be added downstream in 
tiie reactor. Alternately, the polyisocyanate stream can also be added after the 
10 polyamine has been introduced into the reactor. 

The process of the present invention has several advantages over 
conventional solution polymerization processes for making poiydioiganosnoxane 
polyurea scented copolymers such as (1) the ability to vaiy the polyisocyanate- 
to-polyamine ratio to obtain materials with properties superior to solution 
15 polymerized materials. (2) the capability of polymerizing high molecubr weight 
compositions that cannot be easily produced using solution polymerization. (3) the 
aWUty to directiy produce Oapcd articles with reduced heat histories, (4) the 
'^ty io diTeciiy blend in fill«^ tadafying resins, ptasiT^^ property " 

modifiers, and (5) the elimination of solvent. 

20 T^eflwobilityofahering tiie polyisocyanate-to-polyamine ratio in the 

continuous process is a distinct advantage. This ratio can be varied above and 
bdow the theoretical vahie of 1 : 1 quite easily. 

The polyisocyanate and isocyanate-fiinctional endcapping agent stream can 
be the first component added into the reactor in a manner such as mentioned 
25 above. The polydiorganosiloxane amine can then be added downstream in the 

reactor. Ahemately, tiie diisocyanate and isocyanate fiinctional endcapping agent 
stream can also be added after the polydiorganosiloxane amine stream has been 
introduced into the reactor. 

In formulating the pofydiorganosiloxane oligourea scented copolymers 
30 with components such as tacldfying resins, inorganic fiUers, pbstidzers or otiier 
materials essentially non-reactive with the polydiorganosiloxane polyurea 
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.4jiUo«lh«Ws™y«so««dwi.hso.v»«r«n,>v-»dti»»^ 

ottgomer reheating. 

Th. .bffi., » dtain«. tf« pr«««» of sol««« d«>ng r««Uon of 4. 

„K«,»i«,idd..™«h»o«.ffid».««.io>u Th..ve«g..«Kl«««n« 
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using the process of the present invention is typically 10 to 1000 times shorter 
than that required in solution polymerization. A small amount of solvent can be 
added, if necessary, e.g., from about 0.5% up to about 5% of the total 
composition, in this process either as a carrier for injecting otherwise solid 
5 materials or in order to mcrease stability of an otherwise low flowrate stream of 
material into the reaction chamber. 

While the continuous solventless process for making the copolymers has many 
advantages over the solvent process, ttere may be somt situations vAiere the solvent 
process is preferred or where a combination of the two is prefm Li the later case, 
10 polydioiganosiloxanecdigoureas^mented copolymer co^ 

continuous process and subsequendy nnxed in soWeat with thennal initiator, 
photoinitiators, taddfying resins, plasddzers and/or fillo- components. 

The ability to eiiminate the presence of sohfent during the reaction of 
polyamine and polyisocyanate yields a much more efficient reaction. The average 
15 residence time uang the process ofthepresem invention is typicaOy lOto lOOOtimes 
diofter than that required in solution polymerization. A smaD amount of non-reactive 
sdvem can be added, if necessaiy, for example, from about 0.5% up to a 
*l*~total obnqx^ m ttds pix)^^ a carrier fi>f ugectihg othc^ solid ~' 

materials or in cmier to increase staUGty of an otherwise low flowrate stream of 
20 material into the reaction chamber. 

This invention is further illustrated by the foUowing examples that are not 
intended to limit the scope of the invention. In the examples all parts and 
percentages are by weight unless othowise indicated. All molecular weights 
reported are number average molecular weights in grams/mol. 

25 TUradon of Polydiarganositajume and Organic Diamines 

Multiple lots of some of the diamines were synthesized for various 
examples. The actual number average molecular weight of polydioiganosiloxane 
or oiganic diamines were determined by the following add titration. Suffident 
diamine to yidd about 1 milliequlvalmt of amme is dissolved in 50/50 

30 tetrahydroiuran^sopropyl alcohol to foim a 10% solution. This solution was 
titrated with l.ON hydrochloric add with bromophenyl blue as an indicator to 
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detennine n«n*er average molecular wdght m 
depended on tte exact nitioofthen^rtants used in the du^^^ 
«tentofstrippingcycUcsiJo»«es. Remaining cycBcs are diluents that mcre«« 
the apparem molecular weight of polydiorg«iosaoxane dimnme. 
5 Preparation of Polydiorganosiloxaiic Diamines 

95 68 parts octamethylcyclotetrasilox«.e was placed in a batch reactor and purged 
^th nitrogen for 20 mimites. The mixture was then heated in the reactor to 
10 150-C. Catalyst.l00ppmof50%aqueouscesiumhydroxide.wasadded«md 
hewing contimiedfor6hoursuntUthebis(3.aminopropyl)tetramethyl disdoxane 
hadbeenconsumed. The reaction mixture was cooled to 90<>C, neutralized wUh 

excess acetic acid m the presence of some triethylamine, and heated under high 
vacuumtoremovecydic^loxanesoveraperiodofatleastfivehours. ^^^e 
15 «aterialwascodedtoambienttemperature.filteredtoremoveanycesiuma^^^ 

that had formed, and titrated with l.ON hydrochloric acid to determine number 
.veragemolecular weight. TWO lots were prepared andthe molecular weights of 

Polydimethylsiloxane Diamine A were U« 1. 5280 and Lot 2: 5310. 

Pofymmetkylsaaxane Diamine B wf„, 
20 PolydimethylsUoxane diamine was prepared as descnbed for 

PolydimethylsiloxaneDiamineAexcept2.16partsbis(3.aminopro^^ 
disilox«ieand97.84partsoctamethylcyclotetrasaoxanewere»^^ Twolots 
wereprepared. The molecular weight of PolydimethylsUoxane Diamine B was 



10,700. 



50% c«ium h,dn«d.. »rf «^ 

30 „«a«p»Bta»m.««"tr-ia.ofcydicik>x««»^ 
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chromatography. The reaction mixture was cooled to 90^C, neutralized with 
excess acetic add in the presence of some trietl^aniine, and heated under high 
vacuum to remove cyclic siloxanes over a period of at least 5 hours. The material 
was cooled to ambient temperature, filtered, and titrated with 1 .ON hydrochloric 
5 add to determine number average moleoilar wdght. The molecular weight of 
resulting Pofydimethylsiloxane Diamine C was 22,300. 

Fofyamethylsilaxane Diamiiie D 

Polydimethylsiloxane diamine was prepared as described for 
Polydimethyldloxane Diamine C except 12.43 parts Polydioiganoaloxane 
10 Diamine A and 87.57 parts octamethylcyclotetrasiloxane were used. Two lots 
were prepared. The molecular wdghts of the resulting Pofydimeth>dsiloxane 
Diamine D were Lot I - 35,700 and Lot 2 - 37,800. 

Pafy^methyhilaxane Diamine E 

Polydimethylsiloxane diamine was prepared as desaibed for 
1 5 Polydimethylsiloxane Diamine C except that 8.7 parts Polydimethylsiloxane 

Diamine A and 91.3 parts octamethylcyclotetrasiloxane were used. The molecular 
wdght_of A^^^^ Diamine E was 50,200. 

Pofy^kenyMm^hyldlaxane Diamine F 

To a 3-necked round bottom flask fit with mechanical stirrer, static 

20 nitrogen atmosphere, oil heating bath, thermometer, and reflux condenser, were 
added 75.1 parts octameth^qrdotetrastloxane, 22.43 parts 
oct^hmylcyclotetrasiloxane, and 2.48 parts bis(3-aminopropyl)tetramethyl 
disiloxane. Under static nitrogen atmosphere, the reactants were heated to I50®C 
and degassed under aspirator vacuum for 30 seconds before restoring static 

25 nitrogen atmosphere. A charge of 0.2 grams cesium hydroxide solution (50% 
aqueous) was added to the flask and heating continued for 16 hours at 150**C. 
The flask was cooled to ambient temperature and then 2 mL triethylamine and 
0.38 mL acetic add were added. With good agitation flask was placed under a 
vacuum of 100 N/m^ (100 Pa), heated to 150^C, and maintained at 150X for 5 
30 hours to remove volatile materials. After 5 hours heat was removed and contents 
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20 



cooled to ambient temperature. The molecular weight of 
PdydipheiiyldiinethyisUoxane Diamine F was 9620. 

Preparation of PolydimethylsUoxane Monoamines 

The following polydimethylsiloxane monoamines were synthesized for 
various examples accordmg to the procedures of US 5.091,483 Example 6 
(terminating agent) and Example 10 (silicone monoamine). The actual mmiber 
average molecular weight of the different lots aie determined by add titration. 

Ambuvropyl^in^y^''^''^ Terminating Agent 

To a 500 ihL 3-necked round bottom flask was added 49.6 grams 
1 3^3.aminop.opyl)tetramethyld.siloxane. 29.6 grams ammonium fluoride, and 
300 mL cydohexane. Whfle heating under reflux, water was removed by means 
of Deaa-Starktrap. Afker 18 hours. 4.4 mL of water was coUected. and the clear, 
colorless solution was transferred while warm to a 500 mL 1 -neck round bottom 
flask The soh^it was removed on a rotKy evaporator to provide 165 grams of 
soBd. The soBd was dissoWed in 200 mL methylene chloride. 30 grams of 
hexamethyl disilazane was added, and the mixture was stirred and heated under 
reflux for 5 hours. The mixture was filtered and the solvent removed u^^^^ 
aspinuor vacuum! The product was distiUed (boiling point of TO^C) under 
aspirator vacuum to provide 3wmunopropyklimethylfluorosilane as a clear, 
coloflessoil. Tl.eyieldwa»54gr«ns(100%).thatw.sdeterminedtobepureby 
vapor phase chromatography. The structure was confirmed by NMR 

spectroscopy. 

PtOytRmethyhiloxane Monoamine A 

To 1 .6 parts of 2.5 M n-butyl lithium were added 7.4 parts of 
octamethylcydotetrasiloxane that had been purged with argon and the mfacture 
was then stilted for 30 minutes; 500 parts of 50% hexamethylcydotrisfloxane m 
dry tetrahydrofimm was added and the reaction mixture stirred at room 
,«„pera,„re for 18 hours untU the polymerization was complete. To the resultmg 
viscous syrup was added 3.4 parts 3-aminopropyldimethylfluorosilane termmating 
agent Theviscosityrapidlydecreased. After stirring for 2 hours, the soWent was 



wo 96/34030 



31 



PCT/US96/0S870 



distOIed offon a rotaiy evaporator. The product was filtered to remove lithium 
fluoride and provided Polydimethylsiloxane Monoamine A as a clear, colorless oU. 
The number average molecular weight of Polydimethylsiloxane Monoamine A was 
9800. 

5 Pofy£methyMlaxatte Monoamine B 

To 1 .6 parts of 2.5 M n^tyl lithium were added 7.4 parts of 
octamethylcyclotetrasUoxane that had been purged with aigon and the mixhiie 
was then stirred fiar 30 minutes; 1000 parts of 50% hexamethylcydotrisUoxane in 
dry tetrahydrofiiran was added and the reaction nuxture stirred at rown 

10 temperature for 18 hours until polymerization was con^)le*e. To the resulting 
viscous syrup was added 3.4 parts 3-aniinopropyldimethylfluorosilane terminating 
agent The viscosity rapidly decreased. After stirring for 2 hours, the solvent was 
distilled offon a rotary evaporator. The product was filtered to remove litiuum 
fluoride and provided 500 Polydimetiiylsiloxane Monoamine B as a dear, 

15 colorless ofl. The number average molecular weight was 20,600. 

Ptify^methyhaaxane Monoamine C 

To 588 grains (2.64moO hocamethylgrdottisilojcanc which had been 

degassed via boiling then cooled to room temperature was added 500 mL diy 
tetrahydrofiiran. To tiiis solution was added 19.3mL (O.OSmol) of 2.59 M iMmtyl 

20 fitWum and tiie reaction mixture stirred at room temperature for 6.5 hours until the 
polymoization was conq>lete. To tiw resulting viscous syrup was added 23.2niL 
(0.06mol) of 2.58M 3-ammopropyidinietii)d fluorosilane temunating agent. After 
stirring overnight the solvent and remaining hexametl^cydotrisiloxane were 
distilled offon a rotaiy evaporator to affimi tiie Polydnnethylsiloxane Monoamine 
25 C as a dear, colorless ofl. The number average molecular wdght of 
Pdydimethyisiloxane Monoamine C was 12, 121 . 

The followii^ test methods were used to characterize the polydiorgano- 
siloxane oligourea segmented copolymers produced in tiie following examples: 
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Sample Characterization 
fteau«K,oflO.O»l/».S»pl.«icta»w«l-i"»»- , . 

str«5llli»in««.W«™«™*''^"" 
parallel plates. 

''■•■'ir:^":^^ 

. the diahal readmgs were recorded by a computer, 
better than 0.5 percent and the digital reaoinjp 
Modifications to the ASTM were as follows: 
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2. The test fixture shafts (upper and lower jaw) both rotated at 30 
RPM in the same direction in order to maintain uniform strain throughout the 
entire ring. 

3. The thickness of the rings was 1 mm. 

S Molecular Weighi 

The weight average and number average molecular wdghts of selected 
poiydimethylsiloxane oligourea segmented copolymers were determined via gel 
permeation chromatography with a HP 1090 Chromatogrq}h equipped with a HP 
1037A Refractive Index detector, a Waters 590 pump, a Waters Wisp auto- 

10 injector, and a Kariba column oven at R.T. The copolymer was dissohred in DMF 
wA^ 0,05% LiBr at ISmg/5mL, filtered with a 0.2 micron nylon fiher, and 100 
microliters injected into a Jordi Mixed Bed column. The elution rate was 0.5 
miymin in DMF + 0.05% w/v LiBr. Calibration was based on Polystyrene 
standards fi-om Pressure Chemical Company, Pittsburgh, PA thus reported 

1 5 molecular weights are the Polystyrene equivalents. 

Examples 

In the following Examples^ all diisocyanates were used as received and the 

diisocyanate:diamine ratios were calculated using the diiso^anate molecular 
weight rqiorted by the diisocyanate supplier and the diamine molecular weight as 

20 determined by acid titration. In the Examples all parts and percentages are by 
wdght unless otherwise indicated. All molecular weights reported are number 
average molecular weights in grams/mole. 

Examples 1^5 

In Example 1, 40.0 parts (4.0 mmoles) of Poiydimethylsiloxane 
25 Monoamine A, molecular weight 9,800, was degassed under vacuum at \QOf*C and 
0.49 parts (2.0 mmoles) tetramethyl-m-j^lylene diisocyanate in 5.0 parts toluene 
was added dropwise w^e stirring. Then 5 mL of 2-propanol was added to 
reduce the viscosity, and the resulting polydimetl^lsUoxane oligourea segmented 
copolymer was poured into a Petri dish and air dried. 



wo 96/34030 



34 



PCT/US96/0S870 



10 



In Example 2, a polydimethylsUoxane oligourea segmented copolymer was 
prepared as in Example 1, except 80.0 parts (3.90 mmoles) of 
PolydimethylsiloMne Monoamine B. molecular weight 20.600 was substituted for 
Monoanune A. 

In Example 3, a polydimethylsiloxane oHgourea segmented copolymer was 
prepared as in Example 1, except 0.46 parts (2.0 mmoles) of 
1,12-diisocyanatododecane was substituted for the tetramethyi-m-xylylene 

Aisocyanate. 

In Example 4, a polydimethylsUoxane oHgourea segmented copolymer was 
prepared as in Example 1. except 0.59 parts (2.0 mmoles) 4.4'-diisocyanato-3,3'- 
dimethoxybiphenyl was substituted for the tetramethykm-xylylene diisocyanate. 

In Example 5, a polydimethylsiloxane oUgourea segmented copolymer was 
prepared as in Example 1, except 0.52 parts (2.0 mmoles) of 
methylencdicyclohexylene-4,4'-diisocyanate was substituted for the tetramethyl-w- 
15 xylylene diisocyanate and 2-propanol was not added. 

The storage modulus. G', the loss modulus, G", the crossover moduhis 
and crossover temperature were determined for the polydimethylsiloxane 
oligourea segmented copolymers of Examples 1 - 4, each being gd-like and 
having an average degree of oligomerization of 2 and being non-fimctional. The 
20 copolymer of Example 5 flovwid at room temperature and, thus, had a shear creep 
viscosity too low to characterize by the method used. The results are set forth in 
Table 1. 



Table 1 



Example 


Cat 
25H: 
(Pa) 


G"at 
25°C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 

Temp. 

(°C) 


1 


8.0x10* 


0.8x10* 




-140 


2 


10.0x10* 


0.28x10* 




100 


3 


0.3x10* 


0.2x10* 


0.13x10* 


28 


4 


3.8x10* 


0.08x10* 


0.4x10* 


127 
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The data in Table 1 demonstrates that the polydimethylsiloxane oligourea 
segmented copolymer prepared using aromatic or aromatic^aliphatic diisocyanates. 
Examples 1 and 4, had higher storage moduli and crossover temperature than the 
copolymo* prepared using an aliphatic diisocyanate. Example 3. Further, the 
5 copolymers vary in storage modulus from 10xlO\ indicating a firmer gel, to 
0.3xlO\ indicating a very soft gd, to a viscous liquid ^xanq^Ie 5). 

Examples 6^10 

In Example 6, a mixture of 79 parts (8.0 mmoles) of Polydimeth^siloxane 
Monoamine A, molecular weight 9,800, and 21 parts (4.0 mmoles) of 
10 Polydimethylsiloxane Diamine A, molecular wdght 5280, was dissolved in 69 
parts toluene and 1.96 parts (8.0 mmoles) of tetrameth)4*m-xylylene diisocyanate 
in 40 parts toluene was added dropwise under agitation at room temperature. The 
resulting polydimethylsiloxane oligourea segmented copolymer was air dried. 
In Example 7, a mixture of 57.9 parts (5.9 mmoles) of 
15 Polydimethylsiloxane Monoamine A, molecular weight 9,800, and 15.6 parts (2.95 
mmoles) of Polydnnethylsiloxane Diamine A, molecular wdght 5280, was 
dissolved in 75 parts tohiene and 1 . 54 parts (5 . 9 mmoles) of 
methylenedicyclohexylene-4,4'-4iisocyanate in 25 parts toluene was added 
dropwise under agitation at room tempmture. Hie resulting 
20 polydimetfaybiloxane oligourea segmented copolymer was air dried. 

Li Example 8, a polydimethylsiloxane oligourea segmented copolymer was 
prq)ared as in Example 6, except 1.98 parts (7.9 mmoles) of 
1,12-diisocyanatododecane was substituted for the tetrametlqri-iir-xylylene 
diiso^anate. 

25 In Example 9, a mixture of 87.8 parts (4.25 mmoles) of 

PolydimelM^loxane Monoamine B, molecular weight 20,600 and 1 1.2 parts 
(2. 12 mmoles) of Polydimetlqrisiloxane Diamine A, molecular weight 5280, was 
dissoh^ed in 52 parts toluene and 1 .04 parts (4.25 mmoles) of tetramethyl-m- 
xylylene diiso^anate in 34 parts toluene was added dropwise under agitation at 
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room temperature. The resulting polydimcthylsaoxane oligourea segmented 

copolymer was air dried. 

In Example 10, a mixture of 65.8 parts (3.19 mmoles) of 

PoIydimethylsUoxane Monoamine B. molecular weight 20,800, and 8.4 parts (1 .59 
mmoles) of Polydimethylsiloxane Diamine A molecular weight 5280, was 
dissolved in 96 parts tohiene and 0.80 parts (3.18 mmoles) of 
1.12-diisocyanatododecane dusocyanate in 22 parts tohiene was added dropwise 
i^eragiution at room temperature. Hie resuWng polydimethylsiloxane 
ofigourea segmented copolymer was air dried. 

The polydimethylsiloxane oUgourea segmented copolymers of each of 
Examples 6-10 had an average degree of oHgomeriation of 3. The copolymers of 
Examples 6, 8, 9 and 10 exhibited no cold flow, that is, did not chaiige shape at 
ambient conditions. whUe the copolymer of Example 7 did exhibit cold flow. The 
storage modulus. C. loss modulus. G", crossover modulus and crossover 
temperature were determined for the polydimethylsUoxane oligourea segmented 
copolymers of Examples 6-10. The results are set forth in Table 2. 







Table! 






Example 


G'at25''C 
(Pa) 


G"at 

25«'C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 
Temp. 

CO 


6 


20x10* 


3.0x10* 


5x10* 


141 


7 


6.0x10* 


2.0x10* 


2.7x10* 


45 


8 


13x10* 


1.7x10* 


0.5x10* 


53 


9 


10x10* 


2.0x10* 


nd* 


>150 


10 


29x10* 


3.0x10* 


1.2x10* 


47 


• noti 


determinable 



Examples 11-lS 

20 In Example 1 1, a mixture of 3.25 parts (13.3 mmoles) of tetramethyl-m- 

xylylene diisocyanate, 3.93 parts (13.3 mmoles) of n-octadecyl isocyanate 
dissolved in 17 parts toluene was added dropwise under agitation at room 
temperature to a sohition of 105.5 parts (20 mmoles) of Polydimethylsfloxane 
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Diamine A molecular weight 5,280 in SO parts of toluene. The resulting 
poIydimethylsUoxane oligourea segmented copolymer was air dried. 

In ^cample 12, a mixture of 3.35 parts (13.3 mmoles) of 
1,12-diisocyanatododecane and 3.93 parts (13.3 mmoles) of n-octadecyl 
5 isocyanate dissolved in 29 parts tohtene was added dropwise under agitation at 
room tempwature to a solution of 105.5 parts (20 mmoles) of 
Polydimethylsiloxane Diamine A molecular weight 5,280 in 46 parts of toluene. 
The resulting polydimethylaloxane oligourea segmented copolymer was air dried. 
In Example 13, a mixture of 3.41 parts (13.3 mmoles) of 

10 methylenedicyclohexylraer4,4'-diisocyanate and 3.93 parts (13.3 mmoles) of n- 
octadecyl isocyanate dissolved in 29 parts toluene was added dropwise under 
agitation at room temperature to a solution of 105.5 parts (20 mmoles) of 
Polydimeth^saloxane Diamine A molecular weight 5,280 in 46 parts of toluene. 
The resulting polydimethylsiloxane oligourea segmented copolymer was an- dried. 

15 Li Example 14, a mixture of 3.25 parts (13.3 mmoles) of tetrameth^-m- 

xylylene diisocyanate and 1.58 parts (13.3 mmoles) of phei^ isocyanate dissolved 
in 1 1.5 parts toluene was added dropwise under agitation at room temp^ature to 
a sbhition of lOS.S pairtir(2d 

molecular weight 5,280 in 95 parts of toluene. The resulting polydimethylsiloxane 
20 oligourea segmented copolymer was air dried. 

In Example 15, a polydimethylsiloxane oligourea segmented copolymer 
was prepared as in Example 14, except a mixture of 3.35 parts (13.3 mmoles) of 
1,12-diisocyanatododecane was substituted for the tetnunethyl-iir-xylylene 
diisocyanate. 

25 The polydimethylsiloxane oligourea segmented copolymers of Examples 

1 1-15 had an average degree of oligomerization of 3, with Examples 1 1-12 and 
14-15 exhibiting no cold flow, while Example 13 did exhibit cold flow. The 
storage modulus. G', the loss modulus, G", the crossover modulus and crossover 
temperature were determined for Examples 1 1-15. The results are set forth in 

30 Table 3. 
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Table 3 



Example 


G'at 
25"C 
fPa) 


G"at 

25"C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 

Temp. 

CC) 


11 


100x10* 


34x10* 


1.5x10* 


116 


12 


200x10* 


18x10* 


-1x10* 


42 


13 


14x10* 


10x10* 


6x10* 


34 


14 


190x10* 


17x10* 


0.2x10* 


145 


15 


50x10* 


7x10* 


2x10* 


48 



The polydimethylsaoxane oUgourea segmented copolymers prepared using 
n^octadecyUsocyanate exhibited higher loss modulus and lower crossover 
5 temperatures than copolymers prepared using phenyl isocyanate as the 

end-cq>per. 

Copolymers prepared with tetramethyl-w-xylylene dusocyanate possess 
higher loss modulus and higher crossover temperature than copolymers prepared 
■with l,12-<Biso«7anatododecane. 

10 Example 16 . ^ • 

m Example 16, 60.3 parts (2.71 mmoles) of Polydimethylsdoxanc Diamme 

C, molecular weight 22.300, was dissolved in 202 parts methylene chloride, and 
added dropwise to a solution of 0.9 parts (3.62 mmoles) of methylem^phenylene- 
4.4'^iisocyanate in 25 parts methylene chloride under agitation at room 
15 temperature. The resulting solution was dried in a vacuum oven at room 

temperature. The resulting isocyanate-terminated polydimcthylsUoxane oUgourea 
segmented copolymer having an average degree of oligomerization of 3. was an 
insoluble, elastomeric material. 

Eumples 17-28 

20 Example 17 ^ • 

In Example 17. 52.76 parts (10.00 mmoles) Polydimethylsiloxane Diamme 

A molecular weight 5280. was dissolved in 50 parts toluene, and a mixture of 1 .62 

parts (6.67 mmoles) 1.12-diisocyanatododccane and 1.03 parts (6.67 mmoles) 

isocyanatoethyl methactylate (available as MOI from ShowaRhodia Chemicals. 
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Tokyo, Japan) was dissolved in 48 parts toluene and slowly added at room 
temperature to the solution with vigorous stirring. 1 .0 part DAROCUR™ 1 173 
(a photoinitiator available from Ciba-Geigy, Hawthorne, NY) was added per 100 
parts copolymer solution. This solution was then divided into two portions. 
S The first portion of the resulting polydimethylsiloxane oligourea 

segmented copofymer sohition was poured into a Petri dish and stood at room 
temperature until the solvent was evaporated. The storage modulus, G', loss 
moduhis, G", crossover modulus^ crossover tenq)erature and shear creq> viscoaty 
at IS^'C and 300 seconds shear time were determined. The results are set forth in 
10 Table 4. 

Examples 18-22 

In Examples 18-22, polydimethylsiloxane oligourea segmented copolymers 
were prepared as in Example 17, except the 1,12-diisocyanatododecane, was 
substituted with: 

15 1.97 parts (6.67 nmioles) 4,4'-diisocyanato-3.3"-dimcthoxybiphenyl 

(Example 18) 

1 .67 parts (6.67 mmoles) ^methylenediphenylene-4,4*-diiso9yanate 
(Example 19) 

1.75 parts (6.67 mmoles) of met}9lenedicyclohexylme-4,4'-diisocyanate 
20 (Example 20) 

1.25 parts (6.67 mmoles) of m-x^lene diisocyanate (Example 21) 

1.47 parts (6.67 mmoles) of 3-isocyanatomethyl-3,5,S-trimethylcyclohe9^ 

isocyaiute (Example 22). 

As described in Example 17, each of the copolymer solutions were 
25 separated into two portions. The first portion examples were dried at room 

temperature and tested as described above. The results are set fi^rth in Table 4. 



Table 4 



Example 


Cat 
25''C 
(Pa) 


G"at 
25»C 
(Pa) 


Crossover 

Moduhis 

(Pa) 


Crossover 

Temp. 

CC) 


Shear creep 
viscosity at IS^C 
(Pas)* 


17 


60x10' 


7.0x10* 


0.35x10* 


43 


>lxl0'(6 kPa) 
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Q^in< I 0 9x10* 1 0.5x10* 



1.0x10* 



2.0x10* 



4.9x10* 



117 



7.2xlO*(6KPa) 



5.0x10^(1 Pa) 



3.0x10* 



5.0x10* 



5.7x10^(1 Pa) 



0.06x10* 



0.3x10* 



6.0x10* 



-15 



9.0x10^(1 Pa) 



n 12x10* 0.7x10* 



5.0x10* 



-15 



7.5x10^(1 Pa) 



• 300 seconds shear tune; shear stress as indicated in parenthesis 
The polydimethylsiloxane polyurea segmented oUgomers of Examples 17 
to22hadanaveragedegfeeofol.gomerizationof3. The copolymers of 
Ex«nples 17-19 exhibited no cold flow white the copolymers of Examples 20-22 

S exhibited cold flow. 

The shear creep viscosities of Examples 17-22 varied over a broad range 
depending on the diisocyanate used, ranging from 7.5x10^ to >lx lO* Pa s. some 
of these relatively low motecular weight polymers were semisoUd at room 
temperrtuie.whileothersbehavedlikeviscousBquids. Polydimethylsiloxane 

10 oBgouteasegmemedcopo»ymerswithdr.stically*ffe«ntrheoto^^ 

can be made by setection of the diisocyanate used to prepare the copolymers. 

^uig *e second portion provided in Examples 17-22. the solvem of these 
second portions of the resulting polydimethylsUoxane oUgurea segmented 
15 copolymer solutions was evaporated. Separately. e«* copolymer squeezed 
between two release-coated polyester fflms. with the release coating fecmg the 
copolymer, to a thickness of about 40 mUs. E«:h sampte was subjected to 1.73 
mWoflow intensity radiation for 20 minutes to eftct cure. The UV radiation 

was provided by GE F40BL ultraviolet bulbs. Each film was removed from the 
20 rde«»fihns and the mechanical propenies, modulus, stress at break, and str^na^ 

break, sweUing after being submerged in tetrahydroforan (THF) for 24 hours 
cakulated by weight, and extractables in the THF for the cured copolymers were 
deteremined. The results are set forth in Tabte 5. 
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24 


3.61 


1.57 


70 


269 


14.8 


25 


2.10 


2.26 


180 


260 


8.2 


26 


1.51 


2.12 


180 


250 


8.4 


27 


0.68 


2.14 


204 


260 


8.5 


28 


0.86 


2.75 


210 


260 


8.5 



When cured, the polydimetl^siloxane oligourea segmented copo^ers 
possessed similar stress at break and elongation at break. Tensile moduli of the 
cured materials that showed less tendency to flow vAien uncured. Examples 23-25, 
S were higher than for those with low shear viscosities. Examples 26-28. 

Eumples 29-30 

Exan^le 29 

In Example 29, Polydimethjdaloxane Dianune A molecuter weight S280, 
was fisd at a rate of 6.22 g/min {0.QO236 equivalents amine/min) into the first zone 
10 of an 1 8 mm co-rotating twin screw extruder (available from Ldstritz 
Coqioration, Allendale, N.J.) and a mbcture of 50.8 parts by weight 
tetramethyl-ifr-xylylene diisocyanate, 32.2 parts isocyanatoethyi methaciylate; and 
17,0 parts DAROCUR™ 1 173 was fed at a rate of 0.378 g/min (0.00236 
equh^lmts isocyanate/min) into zone 6. The exmider had a 40: 1 lengthidiameter 
IS ratio and double-start fully intermeshing screws throughout the entire length of the 
barrel, rotating at 200 revolutions per minute. The temparature profile for each of 
the 90 mm zones was: zone 1 to 4 - 25*C; zone 5 - 40X; zone 6 7 60*C; zone 7 - 
90^; zone 8 - lOO^C; and endcap - 120^C. The resultant polymer was extruded, 
cooled in air, and collected. The storage modulus. G^, crossover temperature and 
20 shear creep viscosity at 25®C were determined. The loss modulus, G", at 25X 
and crossover modulus vme not determinable. The results were as foUows: 
Storage modulus >20xlO^Pa 
Crossover temperature >170 
Shear creep viscosity 3.0x10* Pa*s at 6 kPa 
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^"^"Lmpl. 30. . ponion Of the copolymer Of Exa™^ 

be^veen polyester films, subjected to ultraviolet irradiation and tested as « 

Examples 23-28. The results were as foUows: 

Moduhis 3.59 MPa 

Stress at break 1.83 MPa 

Strain at break 140% 

Swelling in THF 285% 

ExtractablesinlHF 119 

Examples 31-36 

*^'L»pte31. ,OO.Op««(.0.00™™l«)Polydin«h,Ho««W^ 
, 6» p... (6.S7 m«M of 1.12.dii»cy»vUodod«»e. 1 .03 p».s (6.67 mmote) 

,..,,p.^«,«««*«ta,»i*vigo™u,sdningfcr2bour,. ■n-."*"""" 
„«. of 2-p™p»ol «. «M.d «.d «ini«g w» conUnu«. fbr 5 hour,. 0 50 
" DAROCm™imp«'lOO,»mofpoMlm«hyWox™oBgcur^ 

and the resoltt are set forth in Table 6. 

,5 ^';:'^le32,apolydimethylsiloxaneoHgoureasegm^^ 

^prepared as in Example 31, except 100.0 parts (4.48 mmoles) 

• ««i»«iiarwdttht 22.300 was substituted for 
Polydimethylsiloxane Diamine C, molecular weigni 

Diamine B, and a mixture of 0.75 parts (2.99 mmoles) of 

1 u-diisocyanatododecane, 0.46 parts (2.99 mmoMofisocya^ 

30 methacrylate. and 15.0 parts of 2.propanol was used. 
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In Example 33, a potydimethylsiloxane oligourea s^mented copolymer 
was prq)ared as in Example 31, except 100.0 parts (2.64 mmoles) 
Polydtmethylsiloxane Diamine D (Lot 2), molecular weight 37,800, were 
substituted for Diamine B and a mixture of 0.43 parts (1.73 mmoles) of 
S 1,12-diisocyanatododecane, 0.27 parts (1.73 mmoles) of isocyanatoeth^ 
methacrytate, and 15.0 paits of 2-propanol was used. 

The storage modulus^ G^, the loss modulus^ G", the crossover modulus, 
the oossover temperature and the shear creep viscosity at IS'^C were determined 
for the potydimethylsiloxane oligourea segmented copolymers of Examples 32-33, 
10 each having an average degree of oligomerization of 3. The results, together with 
those for Examples 17 and 3 1, are set forth in Table 6. 



Table 6 



Example 


Cat 
(Pa) 


G"at 
25"C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 
Temp. 

CO 


Shear creep 
viscosity at 
25-C 
(Pas)* 


17 


60x10* 


7.0x10* 


0.35x10* 


43 


>lxlO^(6kPa) 


31 


10x10* 


5.0x10* 


0.5x10* 


44 


8.4x10^(50 Pa) 


32 


0 9x10* 


-1.2x10* 


1.3x10* 


18 


7.5x10' (1 Pa) 


33 


1.3x10* 


1.3x10* 


1.3x10* 


25 


7.4x10* (I Pa) 


* 300 seconds shear time; shear stress as ind 


licated 



The results in Tables 6 indicate that two opposite factors affected the 
1 5 rheology of the copolymers of Examples 1 7 and 3 1 -33 . As the molecular wright 
of silicone diamine increased, the overall molecular weight of the polymer 
increased, while the concentration of the urea linkages decreased. In the 
examples, the latter ftctor predominated, as shear creep viscosity decreased with 
increaang molecular weight of the polydimethylsiloxane diamine. 

20 Examples 34-36 

In Examples 34-36, using the second portion samples of Example 31-33, 
the copolymer solution for each copolymer prepared was air dried on polyester 
rdease liner. These Examples were prepared and cured as described in Example 
23. 
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THF for each cured copolymer were maw 
for Example 23 are set forth in TaWe 7. 

Table? 



Example 


Modums 
(MPa) 


"23 


3.74 


_34 


0.86 


_35 


0.38 


36 


0.23 



Extractables 



10 



14.8 



(Example 23) was much higher than tor incc h , 
Joxane diamines were used. 



^veiglit polydtmethyisilc 



Examples 37-42 



^L-^ 3r 60 p-» (6.00 ™»ota.) Po-ydi™*^^ 

• (hrlhooB TlKn. about 10 p»t.of2i)ropmol 
^u^«r This solution was separated mioiwuFuiw 
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was evBponted. The sample was tested as described in Example 17 and the 
results are set forth in Table 8. 

Exoit^la 39-39 

In Example 38, a poIydimeth)dsiloxane oligourea segmmted copolymer 
5 was prepared as In Example 37, except a mixture of 1 5.84 parts (3.00 mmoles) 
Polydimethylsiloxane Diamme A molecular weight 5280, and 66.97 parts (3.00 
mmoles) Polydimeth^siloxane Diamine C, molecular weight 22,300, dissolved in 
69.00 parts toluene was substituted for Diamine B, and a mixture of 0.98 parts 
- (4.00 mmoles) of tetrameth^-m-^lylene diisocyanate ami 0.62 parts (4.00 
10 mmoles) of isocyanatoethyl methacrylate was used. 

In Example 39, a polydimethjdsiloxane oHgourea segmented copolymer 
was prepared as in Example 37, except 107. 1 parts (3.00 nmioles) 
Polydimctlqflsiloxane Diamine D, molecular weight 35,700, were substituted for 
Diamine B and dissolved in a mixture of 100 parts toluene, and 10 parts 2- 
15 propanol, and a mbcture of 0.49 parts (2.00 mmoles) of tetramethyl-m-xylylene 
diisocyanate and 0.3 1 parts (2.00 mmoles) of isocyanatoethyl methacrylate was 
used. 

The storage moduhis, G', the loss modulus, the crossover modulus, 
the crossover temperature, and the shear creep viscosity at 25®C were determined 
20 for the polydimethylsiloxane oligourea segmented copolymers of Examples 38-39, 
each haviiig an average degree of oligomerization of 3. The results are set forth in 



Table 8. 

Table 8 



Example 


Cat 
25°C 
(Pa) 


G"at 
25«'C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 
Temp. 

CO 


Shear creep 
viscosity at 
25*C 
(Pas)* 


37 


1.2x10* 


2.0x10* 


0.01x10* 


135 


5.0x10* (20 Pa) 


38 


7.0x10* 


4.1x10* 


0.3x10* 


139 


1.2x10* (10 Pa) 


39 


4.0x10* 


2.3x10* 


1.9x10* 


50 


1.5x10' (1 Pa) 



* 300 seconds shear time; shear stress as marked 
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The data in Table 8 demonstrate that by uang blends of diamines, 
improved properties can be obtained. The copolymer of Example 38. prepared 
using a pdydimethylsfloxane diamine having a number average molecular weight 
of 13.800 and prepared from a blend of pdydimethylsUoxane diamines having 
molecular weights of 5,280 and 22,300. possessed a storage modulus, loss 
moduhis and a crossover temperature above what would be predicted based on 

the data for the copofymers of Examples 37 and 39. 
Exan^les 40-42 

In Examples 40-42, using the second portion samples of Examples 37-39, 
the copolymer solution for each copolymer prepared, was air dried on polyester 
release liner. These Examples were prepared and cured as described in Example 
23. 

Once cured, the fibns were removed and the mechanical properties, 
modulus, stress at break, strain at break, swelling after being submerged in 
tctrahydrofiiran (THF) for 24 hours calculated by weight, and extractables in the 
THF for each cured copolymers were determined. The resuhs are set forth in 
Table 9. 

Table 9 



Example 


Modulus 
(MPa) 


Stress at 

break 

(MPa) 


Strain at 
break 

(%) 


Swdling 

inTHF 

(%> 


Extractables 
(%) 


40 


1.06 


1.14 


230 


360 


19.7 


41 


1.03 


1.87 


380 


460 


9.7 


42 


0.33 


1 0.70 


620 


670 


13.0 



20 



The data in Table 9 shows that as the molecular weight of the 
polydioiganosUoxane diamine increased stress at break decreased and elongation 
at break increased. Example 4 1 shows that copolymers with high stress at break 
and high elongation at break can be obtained using a blend of 
polydimethylsaoxanes, that is, 5280 and 22,300 molecular weights. 
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Examples 43-48 

Exan^ie43 

In Example 43, 500 parts (43.0 mmoles) Polydimethylsiloxane Diamine B, 
molecular weight 10,700, was dissolved in a mixture of 300 parts tohiene and a 
S mixture of 7.S1 parts (28.7 mmoles) of metlqdenedicyclolie>Qflene-4,4'- 

diisocyanate, and 4.44 parts (28.7 mmoles) of isoqranatoethyl methacrylate, and 
200 parts toluene was slowly added at room temperature to the solution with 
vigorous stnring for 2 hours. Then, about SO parts of 2-propanol was added and 
fining was contiinied for 5 hours. O.SO part DAROCUR™ 1 173 per 100 parts of 

1 0 polydimethylsiloxane oligourea s^tmented copolymer was thra added to the 

copolymer. This solution was separated into two portions. One of the portions of 
the polydinMh]^oxane oligourea segmented copolymer solution was poured 
into a Petri dish and was allowed to stand at room temperature until the solvent 
was evaporated. The sample was tested as described in Example 17 and the 

IS resuhs, indudmg those of Example 20 are set forth in Table 10. 

Examples 44^5 

was prepared as in Example 43, except 600 parts (27.0 mmoles) 
Polydimethylsiloxane Diamine C, molecular weight 22,300, were substituted for 
20 Diamine B and dissoWed in 404 parts toluene, and a mixture of 4.71 parts (19.0 
mmoles) of methylene dicyciohexylene-4,4'-diisocyanate and 2.79 parts (18.0 
mmoles) of isocyanatoethyl methacrylate dissolved in 19S parts toluene were used. 

In Example 4S, a polydim^hylsiloxane oligourea s^mented copolymer 
was prepared as in Example 43, except 100 parts (2.01 mmoles) Polydimethyl- 
2S siloxane Diamine E, molecular weight S0,200, dissoWed in 123 parts toluene were 
substituted for Diamine B, and a mixture of 0.3S parts (1.34 nmioles) of 
meth)denedicydoh«ylene-4,4'-diisocyanate and 0,21 parts (1.34 mmoles) of 
isoqfanatoethyl methacrylate dissolved in 56 parts toluene was used. 

The storage modulus, G*, the loss moduhis, G'\ the crossover modulus, 
30 the crossover temperature and the shear creep viscosity at 2SX were determined 
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for the potydimethylsaoxane oligourea segmented copolymers of Examples 44^5. 
each having an average degree of oligomerization of 3. The results are set forth, 
together with those for Example 20 in Table 10. 



10 



15 



Example 



20 



45 



Cat 
25»C 
(Pa) 



1.7x10* 



4.0x10* 



4.0x10* 



3.8x10* 



G"at 
25»C 



Table 10 

Crossover 
Modulus 
(Pa) 



3.0x10* 



50x10* 



3.0x10* 



2.2x10* 



1.8x10* 



2.8x10* 



1.8x10* 



1.4x10* 



Crossover 
Temp. 
("C) 



35 



68 



65 



Shear creep 
viscoaty at 
25»C 
(Pa-s)* 



5.7x10* (1 Pa) 
1.7x10*0 Pa) 



2.7x10* (1 Pa) 



300 seconds shear time; shear stress as marked 
The data in Table 1 0 demonstrates that with increasing molecular weight 
of the polydimethylsUoxane diamine used, the crossover moduh« decreased while 
the crossover temperature generally increased. 

^"^B^^ples 46^8. using the second portion samples of Examples 43-45, 
.espectivdy the copolymer sohition for each «q«lymer prepared was air dried on 
potyester rd««e Ifaer! TheseEx^nplesweie prepared and cured as described m 

Exam|de23. 

Once cured, the fihna were removed and the mechanical properties, that IS. 
„«duh» and stress'at break «»d strain at break; swelling after being submerged in 
tetrahydrofiiran CTHF) for 24 hours cak«lated by weight, and extractables m the 
THF for each cured copolymer were determined. The results, together with those 

fiv Example 23 are set forth in Table 11. 



Table 11 
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The data in Table 1 1 demonstrates that as molecular weight of the 
polydimethylsiloxane increased, the modulus and stress at break decreased while 
the strain at break increased. Increasing molecular weight of the diamine also 
5 inhibited cure somewhat with 26% extractables when the diamine having a number 
average molecular weight of 49,700 was used. 

Examples 49-50 

Exan^te49 

In Example 49, a polydimethylsiloxane oligourea segmented copolymer 
10 was prepared as in Example 29, excqjt a mbrture of 27.5 parts of 

methyienedicyc]ohexylene-4,4'-diisocyanate, 16.3 parts of isocyanatoethyl 
methacrylate, and 56 3 parts of DAROCUR™ 1 173 was fed at a rate of 0.105 
g/min (0.000330 equivalents isocyanate/nun) into the first zone and 
Polydimethylsfloxane Diamine D, Lot 1, molectUar weight 35,700, was fed at a 
15 rate of 6.2 g/min (0.000164 mol/min) in to the sfarth zone. The rheological 
properties were as follows: 

~ - - Storage modulus - 3. 1x10* Pa 

Loss modulus 2.0x10* Pa 

Crossover moduhis 1 .6x1 0* Pa 

Crossover temperature 65*'C 
Shear creep viscosity 3.8x10* Pa 



20 



Exoinple SO 

Jn Example 50, the polydimethylsiloxane oligourea segmented copolymer 
prepared fai Example 49 was exposed to 1.73 mW for 20 minutes low intensity 
25 ultraviolet irradiation as in Example 30. The mechanical properties and the 

swelling, calculated by wdght, and extractables after immersion in tetrahydroiuran 
(THF) were as follows: 

Modulus 0.25 MPa 

Stress at break 0.46 NfPa 
30 Strain at break 62 1% 
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SO 



SwdUng 
Extractables 



1050% 
26% 



Examples 51-54 



10 



15 



20 



mdM.OOpBlsl-proiaDOlwere"*"'- 

«„p^«lnE«n^M.~.,«.n^of4.40p-»O..~™noMrf 

The «o«,. •»« 
0f4.t«.iMBun«t T».r«ute««ft»*i"T*1.12. 




.Bgo«»™.ioni»cr«»dihHnS».O.U«lo»m.du.u.incr«.d«.d*. 

25 crossover inodulus decreased. 
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Exan^les S3-S4 

In Examples 53-54, usins the second portion samples of Examples 51-52, 
respectively, and the copolymers were subjected to 1.73 mW for 20 minutes low 
intensity ultraviolet radiation to eflfect cure. The theological characteristics were 
5 as set finth in Table 13. 



Table 13 



Exam^de 


Modulus 
(MPa) 


Stress at 

break 

(MPa) 


Strain at 

break 

(%) 


Swelling in 
TEff(%) 


Extractables 
(%) 


53 


4.70 


1.69 


160 


390 


20.2 


54 


4.97 


1.38 


190 


-600 


45 



The copolyma^ were curable, but as the average degree of 
oligomerization increased the cure was less eflSdent, as indicated by the Kgk 
10 content of extractables. 

Examples 55-58 

Exan^les 55-56 

- ^ Example 55 a polydimethy|siloxane cligoui^jMgnwnted copolymer.. 

was prepared as in Example 51, except a mixture of 4.19 parts (16.00 mmoles) of 
15 methy]enedi(7clohexylene-4,4'-diisocyanate and 1.24 parts (8.00 mmoles) of 
isoqranatoetlqrl methaciylate in 1 5 parts toluene was used. 

In Example 56. a polydhnethytsUoxane oh'gourea segmented copolymer 
was prepared as in Example 3 1, except a mixture of 4.72 parts (18.00 mmoles) of 
methylenedi(7clohexylene>4,4'-diisocyanate and 0.62 parts (4.00 mmoles) of 
20 isocyanatoethyl methacrylate in 1 5 parts toluene was used. 

The copolymers of Examples 55-56 had average degrees of polymerization 
of 5 and 10. respectively. The storage modulus, G'. the loss modulus. G", the 
crossover temperature, and the shear creep viscosity of the copolymers of 
Examples 55 and 56, together with those of Example 20 that was prepared using 
25 the same reactants but in proportions such that the degree of oligomerization was 
3. are set forth in Table 14. 
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Example 



Table 14 

Crossover 
Modulus 
(Pa) 
5.0x10* 



Shear creep 
viscosity at 25°C 

(Pas)* 

5.7x10^(1 Pa) 



2 8x10' (1 Pa) 
7.3xia'(6kPar^ 



7.0x10* 

oBgomeriz«ioilincraoed,0',0 , awl me 
fl« shew creep viKOsUy <lraiiiaic«Ily 

^^57.5..u.in,*e«co»dp.rSo„»n,..esofE«»p...55-5«. 
aepee of oBgomeriaxioi. of 3. are «t fcrth in T*le 15. 




15 



Ti.drt.inTAlel5demonan.tettotK.he.verwedegr.eof 
.,.,,^i.,c«»»..heccpo>,n»r».s™or.d-«c*^^ 

copolymer of Example 58 dissolved m the THF. 
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Examples 59-64 

Examples 59-61 

In Example 59, 99.6 parts PolydimethylsUoxane Diamine D, Lot 2, 
molecular weight 37,800, and 0.4 parts ESACURE™ KB-1, a photoinitiator, 
5 available from Sartomer Company, Exton, PA, were fed at a rate of 3.58 g/min 
(0.000189 equivalents amine/min) into the first zone of an 18 nun counter-rotating 
twin screw ^ctruder available from Ldstritz Corporation, Allendale, N J.). A 
mixture of 45.8 parts by weight methylene dicyclohexylene-4,4'-diiso^anate and 
54.2 parts by wdght isocyanatoediyl mediacrylate was fed at a rate of 0.0266 
10 g/min (0.000186 equivalents isocyanate/min) mto the fourth z^^ The extruder 
had a 40: 1 lengtiirdiameter ratio and double-start fully mtermeshmg screws 
throughout the entire lengtii of tiie barrd, rotating at 100 revolutions per minute. 
The temperature profile of the each of the 90 mm long zones was: zone 1 to 4 - 
50*C; zone 5 - 90'*C; zone 6 - 170^C; zone 7 - ISO^C; zone 8 - lOO^'C; and 
15 endcap-90^C. Zone seven was vacuum vented. The resultant extrudate was 
cooled in air and collected. 

^ Example 60, a polydimethylsUoxane oligourea segmented copolymer 
was prepared as in Example 59, except a mixture of 77.2 parts by weight 
metiiylene dicyciohexylene-4,4'-diisocyanate and 22.8 parts by weight 
20 isocyanatoeth)d methacrylate was fed at a rate of 0.0252 g/min (0.0001 85 
equivalents isocyanate/min) into zone 4. 

In Example 61, a polydimethylsiloxane oligourea segmented copolymer 
was prepared as in Example 59, except a mixture of 83.5 parts by weight 
. methylene dtcyclohexylene-4,4'-diisocyanate and 16.5 parts by weight 
25 tsocg^anatoetiiyl methacrylate was fed at a rate of 0.0249 g/min (0.000185 

equivalents isocyanate/min) into zone 4, zone 6 was at 180'>C, and zone 8 and 
endcap were at 150**C. 

The copolymers of Examples 59-61 had d^ees of polymerization of 2, 5 
and 7, respectively. The storage modulus, G", loss modulus, G", crossover 
30 modulus, crossover temperature, and shear creep viscosity at 25**C were 
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^ ,h»n U« «n» r«««» b». h«i » "erase ^^-'''f "'■8'>'»-«^ 
3, are set forth in Table 16. 




10 



IS 



% 300 seconds shear tunc; shear stress as manced 
The data in Table 16 demonstrate that as the average degree of 
oUgomerization increased, the shear creep viscosity, storage n»duh». aossover 
modulus and temperature increased. 

62^. 0.5 pamDAKOCW™ ,,73 w. -UW «, .00 p-« 

Table 17. 

Table 17 




20 



Tl« dau in Table 17 demonstrates that as the average degree of 
oUgomeriz.lionincre.sed. the stress atbreak decreased and the str^ 
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increased. Also as the average degree of oligomcrization increased for these high 
molecular wdght polydimethylsaoxane diamines, the percent extractables also 
increased, indicating duninished curewith no cure occurring at an average degree 
of oligomerization of 7. 

^ Examples 65-69 

Ejum^la 65^67 

In Example 65, a polydimethylsiloxane oUgourea segmented copolymer 
was prepared as in Example 17, except a mixture of 3.25 parts (13.33 mmoles) of 
tetramethyl-jii-xylylene diisocyanate and 1.85 parts (13.33 mmoles) of vinyl 
10 dunethyi azlactone avaUable from S.N.P.E. Chemicals, Princeton, NJ, in 15 parts 
toluene was added dropwise to a solution of 105.52 parts (20.00 mmoles) 
PolydimethylsUoxane Diamine A molecular weight 5280 in 1 12 parts toluene, and 
then 15 parts 2-propanol was added. 

In Example 66, a polydimethylsiloxatte oligourea segmented copolymer 
was prepared as in Example 17, except a mixture of 3.25 parts (6.67 mmoles) of 
tetramethyimf-xyiylene diisocyanate. and 2.68 parts (6.67 mmoles) of w- 

— isopropeiiyI-a.a-dimethyIbcn2yl isocyanate in 15 parts tohiene was added — 

dropwise to a sohition of 105.52 parts (10.00 mmoles) of Polydimethylsiloxane 
Diamine A molecular weight 5280 in 1 12 parts toluene, and then 1 5 parts 2- 
20 propanol was added. 

In Example 67, 50 parts of the polydhnethylsiloxane oUgourea segmented 
copolymer of Example 29 was blended with 50 parts of the polydimethylsUoxane 
oligourea segmented copolymer of Example 66. 

The average d^ree of oligomerization of each of the copolymers of 
25 Examples 65-67 was 3. The storage modulus. G', loss modulus. G", crossover 
moduhis and crossover temperature were determined for these Examples. The 
shear creep viscosity was beyond the limits of the test equipment. The results are 
set forth in Table 18. 
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Table 18 

I Example 1 G' at 25°C I G" at 25''C I Crossover | CrossweT] 
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65 
66 

J7 


(Pa) 

riOOxlO* 1 
[70x10* 
] 70x10* 


(Pa) 

10x10* 
30x10* 
] 20x10* 


Modulus 

20x10* 
20x10* 
8x10* 


Temp. 

132 
127 

125 1 



««7. tf» difl^ U« cop<rf,n«. bang only m tf« «nnW 

»^ 0.5 p«. DAROCUR- U73 «s .dd«. » 
1 73 mW fee 20 mnute. ultr.»iol« imdumon wtale the 

pjopeitie. •« fcnh to Tible 19: 
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„ion was copolymenzed With 

segmented copolymer in( 
other free racUcally 
mixed copolymer. 



polymerizable polydimethylsiloxane oUgo«ie« «.d formed a 
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Examples 70-71 

^L^..70..p.W».««-«'>«^'^t'^'" 
^„inEx»^17.«c.p.*«>00."P«»0»'"™'^> 
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Pc^diphenylifiiiietlisamcane Diamine F, molecular weight 9,620 dissolved in 94 
parts toluene was substituted for IKamine A, and a mixture of 1 .82 parts (6.95 
mmc^) of niethylenecyclohex}4ene-4,4'-diisocyanate and 1.08 parts (6.95 
mmoles) of isocyanatoethyi methacrylate was used. The copolymer of this 
5 Example had a degree of oUgomoization of 3. The rheological propoties were as 
follows: 

Storage modulus 2.8x10^ Pa 

Loss modulus 2.8x10* Pa 

Crossover modulus 2. 8x 1 0* Pa 

10 Crossover temperature 25*^ 

Exan^le 71 

In Example 71, 0.5 parts DAROCUR™ 1 173 was added to the copolymer 
of Example 70 and the copolymer was subjected to 1.73 mW for 20 minutes low 
intenaty radiation to efifect curing. The mechanical properties, swelling in 
15 tetrafaydrofiiranCTHF) and THFextractables were as follows: 
Moduhis 0.87 MPa 

Stress at break 1.37 MPa 

Strain at break 203% 
Swelling in THF 330% 
20 THFextractables 13% 

Example 72 

In Example 72, a mbcture of 99 parts by weight Polydimethylaloxane 
Diamine C, Lot 2, molecular weight 22,300. and 1 part by weight VAZO™* 64. a 
thermal initiator available from DuPont Co., was fed into the sixth zone of an 18 

25 mm co-rotating twin screw extruder having a 40: 1 length:diameter ratio (available 
from Leistritz Corporation, Allendale, N.J.) at a rate of 6.24 g^min (0.000560 
equivalents anitne/min). A mbcture of 62 parts by weight tetnunethyl-nr-xylylene 
diisoqwiate and 38 parts by wdght isoqranatoethyl methaciylate was fed into the 
sixth zone at a rate of 0.0645 g/min (0.000486 equivaloits isocyanate/min). The 

30 feed line ofthis stream was placed dose to the screw threads. The extruder had 
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double.st.rt &ny intermeshing sciews throughout the entire length of the banrel, 
rot^ingalTSrevotationspenninute. The temperature for the entire extruder and 
«„fcapwassetata40^. The material sal at room temperature for 197 days 

curing; co«sequentlytheVAZO™64initiatorbecameinefifective. More 
5 initiatorwas^ldedtothecopolymerbykneadinginlpartb^ 

to lOOpartsby weight copolymer. The copolymer was cured for 20 mmutes m 
wateratlOO-C. The cuied copolymer was submerged in tetn*ydrofaran for 24 

hours and sweUed 930 % by vohmie. 

Examples 73-77 
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^tlxLnple 73, 50 parts (9.47 mmoles) Polydimethylsiloxane Diamine A 
molecular weight 5280. was degassed in a 250 mL round bottom flask and 150 
parts dichloromethane was added and mixed weU. Next. 138 parts (6.24 mmoles) 
«rinopropyi triethoxysilane (APS) was added with stirring. Finally. 3 .08 parts 
(12.62 mmoles) tetramethyl-m-xylylene dUsocy«««e was added and the solution 
v«s mixed for 20 minutes. The polydimethylsiloxane oHgourea segmented 
copolymer sohition was poured into an aluminum tray and stood at room 
tempeivture until the solvent evaporated. 

InExample 74. a polydimethylsUoxane oUgourea segmented copolymer 
was prepared as in Example 73. except 1.19 parts (6.23 mmoles) of aminopropyl 
methyl diethoxysUane (APMS) was substituted for the ami«,propyl 
triethoxyalane. 

In Example 75. a polydimethylsHoxane oDgourea segmented copolymer 
was prepared as in Example 73. except 1 . 54 parts (6.23 mmoles) of 
isocyanatopropyl triethoxysilane (IPS) was substituted for the aminopropyl 
triethoxysilane. and 1.53 pam (6.27 mmoles) of tetramethyl-m-xylylene 

(fiisocyanate was used. 

The storage n-dulos. G", the loss moJutas, O". and crossover 

were detenrined for Ex»np..s 73-75. Thecro,««rn«Hlula.««. 
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detennined for Examples 73 and 75, but was not determinable for Example 74. 
The results are set forth in Table 20. 

Table 20 



Example 


Capping 
agent 


G'at25«C 
(Pa) 


G" at 25«'C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 

Temp. 

CO 


73 


APS 


300x10* 


12x10* 


25x10* 


165 


74 


APMS 


300x10* 


80x10* 




>170 


75 


IPS 


50x10* 


20x10* 


0.4x10* 


150 



Examples 76-77 

5 In Examples 76-77, to 100 parts of each of the copolymers of Examples 

74-75. req>ective]y, was added 1.25 parts trichloroacetic anhydride, and the 
sohition was subsequently air dried on polyester release liner. These samples were 
cured for 14 days at 22"C. The cured copolymers of Examples 76 and 77 woe 

aibmefged m THF for 24 hours and sweUed 340 and 290 peraent by vohrnie, 
10 respectivdy. 

Examples 78-83 

Exampies 79-SO " - — -• — ■ - - 

Li Example 78, a mixture of 32.9 parts by weight tetramethyl-m-j^lylene 
iSisocyanate, 32.2 parts by weight isocyanatopropyi triethoxysilane, 33.8 parts by 
15 wdght octyltriethojqrnhme, and 1.0 parts by wdghtdibutyl tin dilaurate was fed 
into the fifth zone of an 1 8 mm counto'-rotating twin screw extruder having a 
40: 1 leqgth:diameter ratio (availaUe fiiom Leistritz Corporation, Allendale. N. J.) 
at a rate of 0.823 g/inin (0.00331 equivalents isocyanate/min). The feed line of 
tlus stream was placed close to the screw threads. Polydimethylsiloxane Diamine 

20 A molecular weight 5,280. was added the fifth zone at a rate of 8.61 g/min 
(0.00326 equivalents amme/min). The extruder had double-start fuUy 
intermeshing screws throughout the entire length of the barrel, rotating at 50 
revolutions per minute. The temperature profile for each of the 90 mm long zones 
was: zones 1 through 4 - SOX; zone 5 - 40'»C; zone 6 - 80»C; zone 7 - 90°C; zone 

25 8 - 130**C; and endcap - HO'C. Zone seven was vacuum vemed to remove 
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entrained air. The resuhant polydimethylsaoxane oUgourea segmented copolymer 
was ortruded and samples were immediately pressed and cured for one week at 

22°C, 50% relative humidity. 

In Example 79. a mixture of 32.9 parts by weight tetramethyl-m-xylylene 
diisocyanate. 32 J parts by weight isocyanatopropyl triethoxysilane. 33.8 parts by 
weight octyltriethoxy silane. and 1 . 0 parts by weight dilwtyl tin dih^ 
mto the fifth a>ne of an 1 8 mm counter-rotating twin screw extruder having a 
40:1 length:diameter ratio (available firom Lcistiitz Corporation, Allendale. N.J.) 
at a rate of 0.387 g/min (0.00155 equivalents isocyanate/rain). The feed line of 
tiusstreamwasptacedclosetothescrewthreads. PolydimethylsUoxane Diamine 
B. molecutor weight 10.700. was added the fifth rone at a rate of 8.65 g/min 
(0.00162 equivalents amine/min). The extruder had double-start fiiBy 
imermeshing screws throughout the entire length of the barrel, rotating at 50 
revolutions per mimite. The tempenrture profile fbr each of the 90 mm long rones 
v«s: rones 1 through 4 - 30<»C; rone 5 - 40-0; rone 6 - 80»C; zone 7 - 90-C; rone 
8andendcap-120«C. Zone seven was vacuum vented to remove entrained air. 
The resultant polydimethylsiloxane otigourea segmented copolymer was extruded 

and collected. 

Li Example 80. a mixture of 32.9 parts by weight tetramethyl^-xylylene 
20 diisocyanate. 32.2 parts by weight isocyanatopropyl triethoxysUane, 33.8 parts by 
weight octyhriethoxysilane. and 1.0 parts by weight dibutyl tin dilaurate was fed 
mto the fifth zone of an 18 mm counter-rotating twin screw extmder having a 
40:1 length-diameter ratio (available from Leistritr Corporation, AHendale. N.J.) 
at a rate of 0.2171 g/min (0.000872 equivalents isocyanate/min). The feed line of 
25 this stream w« placed close to the screw threads. Polydimethylsiloxane Diamine 
C. molecular weight 22.300. was added the fifth zone at a rate of 8.62 g/min 
(0.000773 equivalents amine/min). The extmder had double-start fidly 
irtermeshing screws thixHighout the entire length of the barrel, routing at 50 
revolutions per mimite. The temperature profile for each of the 90 mm long zones 
30 was- zones 1 through 4 - 30X; zone 5 - 400C. zone 6 - 80-C; zone 7 - 90OC; zone 
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8 and endcap - 120*'C. Zone seven was vacuum vented to remove entrained air. 
The resultant polymer was Ktruded and collected. 

Each of the copolymers of Examples 78-80 was tested for the storage 
modulus, G^ the loss modulus, G'', and crossover temperature within three hours 
5 of extriision. The crossover modulus was detmnined for Examples 79 and 80, but 
was not determinable for Example 78. The results are set forth in Table 22. 



Table 22 



Example 


G at 25»C 
(Pa) 


G"at25'»C 
(Pa) 


Crossover 

Modulus 

(Pa) 


Crossover 

Temp. 

(X) 


78 


24x10* 


5.0x10* 




>180 


79 


10x10* 


5.0x10* 


0.03x10* 


145 


80 


10x10* 


3.0x10* 


0.2x10* 


130 



Examples 81-83 



In Examples 81-83, copo^ers prepared in Examples 78-80, req)ecdveiy, 
10 were pressed imnoediatety after extrusion and cured for one week at 22<>C, 50% 
relative hunudity. The copolymers were tested for mechanical properties and 
swelling in THF, calculated by vohmie. The results of mechanical testing ate set 
fonnthm Table 23. - ~ 



Table23 



Example 


Modulus 
(MPa) 


Stress at 

break 

(MPa) 


Strain at 
break 

(%) 


Swelling in 
THF(%) 


81 


4.82 


1.39 


no 


430 


82 


1.90 


0.81 


180 


680 


83 


1.17 


0.89 


370 


900 



As can be seen from the dau in Table 23, as the molecular weight of the 
pofycfimethylsiloxane diamine increased, the modulus and stress at break decreased 
and the strain at break increased. Also as the diamine molecule weight increased, 
swelling increased indicating lower crosslink density. 
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Examples 84-85 

^*^fe^ple 84. a mixture of 32.9 parts by weight tetramethyl-m-xylyiene 
diisocyaiuue. 32.2 parts by weight isocy«uaopropyl triethoxysilane, 33.8 parts by 

5 wdghtoctyltriethc«y»Iai«.««!1.0p.mbywdghtdiT«ityl^ 

imo the fifth xone of an 18 inm couitfer.rot.tmg twin screw exti«^ 
40 1 length:di.meter ratio (avaitable from Leistriu Corporation, Allendale, N.J.) 
at a rate of 0.398 g/min (0.00160 equwalents isocy««te/min). The feed hne of 
thisstreamwasplaceddosetothesciewthreads. 75 parts by weight 

10 PolydimethylsiloxaneDiamineB,molecuhirweight 10.700. was mixed wOh 25 
parts by weight Polydiphenyldimethylsiloxane Diamine F. molecuter weight 9.620; 
thenumberaveragemolecularweightofthismixturewas 10.400. ™.diama^ 
nuxture was fed into the fifth zone of the extruder atarateof8.72g/«m(0.00168 

equivalents amine/min). The extruder had do«bl..start fidly faitenneshing screws 
15 throughout the entire length ofthe barrel, rotating at 50 revohitions per mmute. 

The temperature profile for each of the 90 mm zones was: zones I through 4 - 
30-C zone 5 - 35''C; zone 6 - 80-C; zone 7 - 90-C; zones 8 and endcap - 120^. 
Zone'seveh ^ vacuum vented to remove entrained air. ^ resuhant polymer 
was extruded. coUected and tested within three hours fi>r rheological properties. 

20 The results were as follows. 

Storage modulus 10x10* Pa 

Loss modulus 2.4x10* Pa 

Crossover moduhis no"© 

Crossover temperature >180*C 

THF, calculated by votaim. The properties were as fellows: 
30 Modulm 1.6 MPa 
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Stress at break 0.77 MPa 

Strain at break 740 
Swelling 103% 

Exan^les 86-98 

In Example 86, Polydimethylsaoxaiie Diamine A, Lot 1, molecular weight 
5280. was iiyected at a rate of 147 g.min (0.0279 mol/min) into zone 8 of a 
Beratoiff 40 mm diameter, 1600 mm length co-rotating extruder. Tetramethyl-iii- 
xylyiene dusocyanate was injected into zone 9 at a rate of 7. 1 1 g/min (0.0291 
moymin). The screws rotated at 100 revohitions per minute. The temperatures of 
the individual zones were: zones 1 through 7 (not used); zone 8 - 60X, zone - 9 - 
I20«^, zone 10 and encap - 180-C. The material was extruded imo a strand, 
co(rfed in a liquid bath, and palletized. 

20 grams of the UV-curable composition of Example 20, 20 grams of 
polydimethylsUoxane polyurea segmemed copolymer (as prepared above) and 20 
15 grams tohiene/lsopropanol 50/50 mixture were agitated until a homogeneous 
solution was made. The sample was air dried. 

?*^^P'e 87, Polydimetl^lstloxane Diamine A, Lot 1, molecular weight 
5280, was injected at a rate of 169 g min (0.03 18 mol/min) into zone 8 of a 
Berstorff'40 mm diameter, 1600 mm length co-rotating extruder. 
20 Methylenedicyclohexylene-4.4'-dusocyanate was injected into zone 9 at a rate of 
8.33 g/min (0.03 1 8 mol/min). The screws rotated at 100 revolutions per minute. 
The temperatures of the individual zones were: zones 1 through 7 (not used); zone 
8 - 60*C, zone - 9 - 120*»C, zone 10 and encap - 180«»C. The material was 
extruded imo a strand, cooled in a liquid bath, and pdletized. 
25 20 grams of the UV-curable composition of Example 20. 20 grams of 

polydimetiiyisfloxane polyurea segmented copolymer (as prqured above) and 20 
grams toluene/isopropanol 50/50 mixture were agitated until a homogeneous 
sohitbn was made. The sample was air dried. 

fii Example 88, a blend UV-curable polydiorganosfloxane oligourea 
30 scented copolymer and non-curable polydiorganosUoxane polyurea segmented 
copolymer was made analogously as in Example 86, except 20 grams of UV- 
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^,^i„g.«,aox«. olig««. "gm^e- "P**™" °f ^^I"' ^' ^ , 
Th. mcHlul-. 0% •<« mo*** O- 

Table 24. 



10 



15 



Table 24 




Dried portions of the samples of Examples 86, 87. and 88 were pressed. 
c„^.«,testedformecl«nicalproperties.swenabiUtymtheTHF.«^ 
e^aitymthe™F..sdescribedmExample23. The results are set forth m 

Table 25 




20 



Sample «. "* 
The results are set forth in TaMe 24. 
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Table 26 



10 



IS 



20 



G- 


8.0x10' Pa 


G" 


1.0x10* Pa 


crossiover modulus 


1.7x10* Pa 


crossover temperature 


ll'C 



A portion of the sample ivas pressed, cured, and characterized as in 
Example 86, and the results are presented below. 





Ex. 89 


Modulus (MPal 


0.55 


Stress at break fMPal 


1.38 


Strain at break 


308% 


Swdlabilitv 


800% 


ExtractaUes 


10% 



Exainple90 

In Example 90, 0.30 grams 1,12-diaminedodecane (Available from Aldrich 
Chonical), and 100.0 grams Polydimethylaloxane Diamine D, Lot 2 was 
dissolved in 100 grams of a 50/50 toluene/isopropanol mixture. To the solution 
was added dropwise a mixture of 0.46 grams isoc^anatoethyhnethacrylate and 
0.72 a^ams tetfamethyl-m-xylylene diisocjranate in 20 grams toluene^sopropanol 
(50/50) mixture. To the solution was added 1.0 gram DAROCUR™ 1 173, and 
the resulting mixture was dried m air to form a white, viscous fluid. One part of 
the uncured polymer was used to test rheological properties as described in 
Example 86, and the results are presented below. 

Storage Modulus at 25^C 

Loss Modulus at 25^C 

Crossover Modulus 

Crossover Temperature 
A portion of the dried polymer was pressed, cured, and tested as described 
in Example 86 

Modulus [MPa] 0.13 
Stress at break [MPa] 0.2 1 

Strain at break 377% 



1.1x10^ Pa 
2.4x10^ Pa 
undetermined 
below .30*'C 
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SweUinginTHF 1210% 
Extraetables ^OO"/' 

^feLnple 91, 1.9 gr-ns U2-di«mnedodecane. «ui lOO.O grains 
PolydimethylsUo«nc DUoninc A. Lot 1 was dissolved in 100 grams of a 50/50 
toh,ener«opropanol mixture. To the solution was added dropwise a mixture of 
2 94 grams isocyamitoethyhned«aylale and 4.62 grams tetramethyl-«..xylylene 
diisocyanatein20gramsofatoluener.soprop««>150/50mixture^ Tothesolution 
^ added 1.0 gram DAROCUR^* U73. and the resulting mixture w«» dned m 
air to form a hazy, semisolid. One part oftheuncured polymer was used to test 
theological properties as described m Example 86. 

Storage Modulus at 25»C 2.0x10* Pa 
Loss Modulus at 25»C9.3xlO* Pa 
Crossover Modulus 8.3x10* Pa 

J 5 Crossover Temperature 40'C 

A portion of the dried polymer was pressed, cured, and tested as described 

in Example 86. 

Modulus [MPa] ^26 

Stress at break [MPa] 1-73 

Strain at break lOO"/' 

SweUinginTHF 317% 

Extractables ".3% 

^™ple 92. 0.96 grams Polyanune IHIOOO (avaUable from Air 
25 ProductsandChemicals.Inc.).andlOO.OgramsPolydimethylsaoxa„eDi^^ 
Lot2wasdissolvedi«100gr«nsofatoluener.sopropanol50/50mixture. ToUie 
solution was added dropwise a mixture of 0.46 grams isocyanatoethyhnethacrylate 
and 0 72 grams tetramethyl-m-xylyiene diisocyanate in 20 grams 
tolueneAsopropanoI (50/50) mixture. To the soludon was added 1.0 gram 
30 DAROCUR- 1173.andtheresultingmixturewasdriedinairtoformwh.te. very 
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viscous fluid. One part of the polymer was used to test rheoiogical properties as 
described in Example 86. 

Storage Modulus at 2SC 1 .3x1 0^ Pa 
Loss Modulus at 25C 9.8x1 0^ Pa 

5 Crossover Modulus 1.0x10^ Pa 

Crossover Temperature -30*C 
A portion of the dried polymer was pressed, cured, and tested as described 
in Example 86. 

Modulus [MPa] 0.21 
10 Stress at break [MPa] 0.62 

Strain at break 516% 
Swdling in THE 1027% 
Extractables 20.3% 

Exan9le93 

15 In Example 93, 5.24 grams tetramethyl-m-xjdylene diisocyanate was 

charged to a 500 ml flask in 10 milliliters of dichloromethane. To this was added 
31.7 grams of Jefibmine D-2000, and the sample was well mixed. Next was added 
a sohition of 614 grams of PDMS Diamine A, Lot 1 in 40 ml dichloromethane. 
Next, 1 ,66 grams isocyanatoethyknethacryiate was added and the solution was 
20 mixed for 1 5 minutes, followed by the addition of 1 . 1 grams DAROCUR™ 1 1 73 . 
The mixture was allowed to dry on a liner in the dark to form bhidsh, somewhat 
inhomogeneous semisolid. 

One part of the uncured polymer was used to test rheoiogical properties as 
described in Exanq)le 86. 
25 Storage Modulus at 25''C 1.6x10^ Pa 

Loss Modulus at 25''C 6.8x10^ Pa 
Crossover Moduhis 5.5x1 0^ Pa 

Crossover Tonperature 55"C 



wo 96/34030 



68 



PCTAJS96/0S87O 



10 



Dried polymer was pressed at 90-C into approx. 1 miUimeter film between 
two liners and exposed to low intensity UV Ughts for 20 mimrtes. and tested as 
desoibed in Example 86. 

Modulus [MPa] ^-38 
Stress at break [MPa] 104 
Strain at break 

Swelling in THF 430% 
Extractables 

Example 94, a Berstorff 25mm diameter corotating twin screw extruder 
having a 29 5: 1 length diameter ratio was used with a dual injection port at zone 1 
ami a single injection port at both zones 3 and 4. Double start fully intermesMng 
screws, rotating at 125 revolutions per minute, were used throughout the entire 
length of the barrel with 2 sets of 25mm length kneading blocks located at the end 
15 of rone 5. The temperature profile for each of the zones was: zone 1 - 30-C; zone 
2 - 75»C; zone 3 - 100°C; zone 4 - 125-C; zone 5 - 150<>C; zone 6 - 175-C; 
««k»p -*190»C; mdtpump - 200OC; and necktube - 230''C. The feedstock 
n^gerts were maintained under a nitrogen atmosphere. A blend of 98 parts by 
weight Polydimethylsiloxane Diamine A. Lot 2. molecular weight 53 10. and 2 
20 parts by weight Polydimethylsiloxane Monoamine C. molecular weight 12,121 
was injected at a rate of 1 5. 13 g/min (0.00280 mol/min) into the first part of zone 
1 and methylenedicyck,hexylene^.4'.diisocyanate (DESMODUR W. obtained 
from MUes Laboratory) was injected at a rate of 29.59 g/min (0. 1 13 mol/min) into 
the second part of zone 1. JefiBunine™ D-400 polyoxypropylenediamine 
25 (obtained from Huntsman Corporation, molecular weight 466 g/mol for Lot 
#5C710) was iiqected at a rate of 21.19 g/min (0.0455 mol/min) into zone 3. 
Dytek a™ (2-methyH.5.pentanediamine obtained from DuPont. molecular 
weight of 1 16 g/mol for Lot #SC950419J01)) was injeaed at zone 4 at a rate of 
8 33 g/min (0.0718 mol/min). The resultant polydimethylsiloxane oUgourea 
30 segmented copolymer ofNCO:NH, ratio 0.94:1, w«. extruded as a 2.5 mm 
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diameter strand into a Fluorinert^ diyice bath and pdletized to afford a product 
witii a bimodal distribution by GPC with an overall Ma « 1 . 1 X I0^ 

Ejuutfple9S 

In Example 95, a Bmtorfi* 25mm diameter corotating twin screw extruder 
5 was used as in £xanq}]e 94 with the fi>llowii« modifications. The screw, 

operating at 100 revolutions per minute, was constiucted with double start fully 
inteimesfaing screws used in combnntion with partially imermeshing screws with 
one set of 25mm length kneading blocks located at the start of zone 4 and three 
sets located at the end of zone 5. The temperature profile for each of the zones 
10 was: zone 1 - 30"C; zone 2 - 75»C; zone 3 - 100^; zone 4 - 125X; zone 5 - 
150*C; zone 6 - 175**C; endcap and meltpump - 175'C and necktube - 190**C. 
The feedstock reagents were maintained under a mtrogen atmo^here. 
Polydimethylsiloxane Diamine A, Lot 1. 5280 molecular weight was fed at a rate 
of 4.85 g^min (0.000919 mol/min) into the first part of zone 1. A blend of 20 
15 parts by weight phenyl isocyanate (obtained fi^omMatheson Coleman and BeU) 
and 80 parts by weight methylenedicycIohegr]ene-4,4*-diisocyanate (DESMODUR 
W, obtained from MDes Laboratory Lot #D233-4-075 1 ) was fed at a rate of 12.8 1 
efmin (6.6499 mol/min) into the second part of zone 1. Jefl&mine^ EMOO 
polyoj^roi^lenediamine (obtained from Huntsman Corporation, titrated 
20 molecular weight 452 g/mol for Lot #CP5 1 3 1 ) was injected at 1 9.45 g/min 
(0.0430 mol/min) into zone 3. And Dytek A™ (2-methyl-l,5-pentanediamine 
obtained from DuPont, titrated molecular weight 1 17 g/mol for Lot 
#SC9403021 1) was injected at zone 4 at a rate of 0.689 gfipoan (0.00589 mol/min). 
The resuham polydimethylsiloxane oligourea segmented copolymer of NCOrNI^ 
25 ratio 1.00: 1, was extruded as a strand to yield a product with M. = 3.3 x 10«by 
C7C analysis. 

The various mo^fications and ahmtions of this invention will be apparem 
to those skilled in the art without departing fivm the scope and spirit of this 
invention and this invention should not be restricted to that set forth herein for 
30 illustrative purposes. 
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What is claimed is: 



10 



1 . Polydiorganosiloxane oligourea segmented copolymers 
comprisiiig soft polydiotganosaoxane units, hard polyisocyanate residue units, 
wherein the polyisocyanate residue is the polyisocyanate minus the -NCO groups, 
optionaUy, soft and/or hard organic polyamine units, wherein residues of the 
isocyanates amine units arc connected by urea linkages, and terminal groups, 
wherein the terminals groups are non-fanctional endcapping groups or fimctional 
endcsqjping groups. 

2. Polydiorganosiloxane oligourea segmoited copolymers according to 
claim 1 represented by the repeating unit: 



15 



20 



X-Ac~ 



R 


R 




0 


-ii- 


Mi- 


-Y- 


-N-H- 




1 

R 


4 


1 

D 








n 



N-Z-N-{;-N-Y-:| 
i D R 



R 

Si+O 



R 

I 

R 



O 

Y-N-H:- 



i, 



I 

D 



O OH O R R 

__N_Z-N-C-N-B-N-ii|N-Z-N-^-NfY4't°-|'Tl 



I 

R 



wherein 

each Z is a polyvalent radical selected ftom arylcne radicals and 
aralkylene radicals having from about 6 to 20 carbon atoms, alkylene and 
cycloalkylene radicals having from about 6 to 20 carbon atoms; 

each R is a moiety independently selected from alkyl moieties preferably 
having about 1 to 12 carbon atoms and may be substituted with, for example, 
trifluoroalkyl or vinyl groups, a vinyl radical or higher alkenyl radical preferably 
lepiesented by the formula .R'(CH2).CH=CH2 wherein R' is -{CHj)^- or 
KCHj)cCH=CH- and a is 1, 2 or 3; b is 0, 3 or 6; and c is 3, 4 or 5; a cycloalkyl 
moiety having about 6 to 1 2 carbon atoms and may be substituted with alky 1, 
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fluoroallcyU and vinyl groups, or an aryl moiety preferably having about 6 to 20 
carbon atoms and that may be substituted with aikyU cycloalkyl, fluoroalkyl and 
vinyl groups or R is a perfluoroalkyl group, a fluorine-containing group, or a 
perfluoroether-containing group; 

each Y is a polyvalent moiety independently selected from an alkylene 
radical having 1 to 10 carbon atoms, aralkylene radical and aiylene radical, 
having 6 to 20 carbon atoms; - 

each D is independently selected fiom hydrogen, alkyl radicals having 1 
to 10 carbon atoms, phenyl, and a radical that completes a ring structure including 
B or Y to form a heterocycle having about 6 to 20 carbon atoms; 

each A is independently -B-, or -YSi(R)2(OSi(R)2)p Y- or mixtures thereof; 
B is a polyvalent radical selected from the group consisting of alkylene, 
aralkylene, cycloallcyl»e, phenylene, polyalkylene oxide and copolymers 
thereof, and mixtures thereof; 
IS m is a number that is 0 to about 8; 

b, e, d and n are 0 or 1, with the provisos that, b+d = 1 and e+n = 1; 
p is about 10 or larger; 
q is about 10 or larger; 
t is a number which is 0 to about 8; 
20 sisOorl;and 

each X is independently: 

(a) a moiety represented by 

— N-H 
I 

D 
(H) 

2S wherein D is defined as above; 

(b) a moiety represented by 

O 

— N-(i-N-Z-NCO 

.!> k 

(in) 
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where each of D. and Z are defined as above, 

(c) a monovalent moiety that is not reactive under moisture curing or free 
n^cal curing conditions and that can be the same or different and that are aU^^ 
moieties preferably having about 1 to 20 carbon atoms and that can be subsUtuted 
with, for example. trifluoroaHcyl groups, or aryl moieties preferably having about 
6 to 20 carbon atoms and that may be substituted with alkyU aiyl, and substituted 

aryl groups; 

(d) a moiety represented by 

O o 
— N-S-N-Z-N-C-N-K 

i il i i 
(IV) 

where each of Z, and D are defined as above, 
K is independently (i) a moiety that is not reactive under moisture curing 
or free radical curing conditions and that can be the same or different selected 
ftom the group consisting of alkyU substituted alkyl. aryl. and substituted aryl; 
15 (ii) a free radically curable end group, such as, aciylate. methacrylate. 

acrylamido. methacrylamido and vinyl groups; (iii) a moisture curable group such 
as. alkoxysilane and oxime silane groups; and 
(e) a moiety represented by 

O 

— N-i:-N-K 



10 



20 



H 



25 



(V) 

wherein D, Y and K are defined as above. 

3 nie polydiorganosiloxane oligourea copolymer of claim 2 wherein 
at least Sm of the R moieties are methyl radicals with the bahmce being 
monovalent alkyl or substinned alkyl radicals, alkenylene radicals, phenyl 
radicals, or substituted phenyl radicals. 
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4. The polydiorganosiloxane oligourea segmented copolymer 
according to claim 2, wherein Z is 2,6-tolylene, 4,4'-methylenediphenylene, 3^'- 
dimethoxy-4,4 -biphenylene, tetramethyl-iw-xylylcne, 4,4*- 
methylenedicyclohexylene, 3^,5- trimethyl-3-methylenecyclohexylene, 2^,4- 

5 tximethylhexylene, 1,6-hexamethyiene, 1,4-cyclohexylene, and mixtures thereof 

5. The polydioiganosiloxane oligourea segmented copolymer 
according to claim 4, wherein Z is tetiamethyl-m-xylylene. 

10 6. A polydiorganosiloxane oligourea segmented copolymer 

comprising the reaction product of: 

(a) at least one polyisocyanate; 

(b) an endcapping agent having a termirial selected from 
polydiorganosiloxane monoamines and non-siloxane containing endcapping 

15 agents having a terminal portion reactive with an amine or isocyanate and a 
terminal portion that is non-functional or that can react under moisture-cure or 
free-radical conditions, 

with the provisos (1) that if no polydiorganosiloxane monoamine is 
present, then at least one polyamine is present, wherein polyamine comprises at 

20 least one polydiorganosiloxane diamine or a mixture of at least one 

polydiorganosiloxane diamine and at least one organic polyamine, (2) if only 
polyisocyanate and polyamine are present, the molar ratio of isocyanate to amine 
is <0.9:I or > 1.1:1, and (3) v/hen polydiorganosiloxane monoamine and diamine 
are present, the ratio of total isocyanate available in the polyisocyanate to the 

25 total amine available in the monoamine and diamine less any amine end groups in 
the copolymer is about 1 : 1 . 

7. A process for preparing the copolymer according to claim 1 
comprising the steps of: 
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providing reactants, wherein the reactants comprise (a) a polyisocyanate; 
(b) an endcapping agent selected fiom polydioiganosUoxane monoamines and 
non-siloxane containing endcapping agents having a terminal portion reactive 
with an amine or isocyanate and a temrinal portion thai is non-fanctional or that 
5 canreactundermoisture-cuieorftee-radicalconditionsiwiththeprovisM 

if no polydioganosUoxane monoamine is present, then at least one polyamine is 
present, wherein polyamine comprises at least one polydiorganosiloxane diamine 
or mixtures of at least one polydiorganosibcane diamine and at least one orgamc 
polyamine. (2) if only polyisocyanate and polyamine are present, the molar ratio 
10 of isocyanate to amine is <0.9:1 or >1-1:1. and (3) when polydiorganosiloxane 
monoamine and diamine are present, the ratio of total isocyanate avaUable in the 
polyisocyanate to the total amine available in the monoamine and diamme less 
any amine end groups in the copolymer is about 1:1; and (c) solvent to a reactor, 
mixing the reactants in the reactor; 

allowing the reactants to react to fomi a polydiorganosiloxane oUgomea 
segmented copolymer with an average degree of oligomerization of 2 to 12; and 
conveying the oligomer from the reactor. 

8. An essentially solvenlless process for preparing the copolymer of 

20 claim 1 comprising the steps of: 

contimiously providing (a) a polyisocyanate; (b) an endcapping agent 
selected from polydiorganosiloxane monoamines and non-sUoxane containing 
endcapping agents having a temnnal portion reactive with an amine or isocyanate 
a«i a temunal portion that is non-functional or that can react under moisture-cure 

25 or free-radical conditions; 

with the provisos (1) that if no polydiorganosiloxane monoamine is 
present, then at least one polyamine is present, wherein polyamine comprises at 
least one polydiorganosiloxane diamine or a mfacture of at least one 
polydiorganosiloxane diamine and at least one organic polyamine, (2) if only 

30 polyisocyanate and polyamine are present, the molar ratio of isocyanate to amme 



15 
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is <0.9:1 or >1.1:1, and (3) when polydioganosiloxane monoamine and diamine 
are present, the ratio of total isocyanate available in the polyisocyanate to the 
total amine available in the monoamine and diamine less any amine end groups in 
the copolymer is about 1:1, to a reactor under substantially solventless 
S conditions; 

mixing the reactants in the reactor under the substantially solventless 
conditions; 

allowing the reactants to react to form a polydiorganosiloxane oligourea 
segmented copolymer with a average degree of oligomerization of 2 to 12; and 
1 0 conveying tfie oligomer fit>m the reactor. 
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